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I. rNTRODUCTION. 

Within the tn>pieiil belt of: tlie Pacific Ocean occur several 
island.^ etuifaining’ (leposit.s ricli in calcium phos]>bate. The 
majority of these i.shui(ls are situated within 10"^ of the Equator, 
!iu<l bi‘iween lonj^'itudes l IlP K. and 180 ' E. 

At the present day, the islands the deposits of which may be 
:?onsidon*d as of <anumercuil impoi’tancc are Angaur, Malcatea 
[near ''ialiiti), Nauru, un<l Ocean Island. Other islands, most of 
which havii been worked in the early days of the phosphate 
tndu.siry, are JJaker, Howland, Plueriix, Sydney, Malden, Christmas, 
Q. No. 313. B 



Flint, Starl}uck, Browse, Lacepede, Laysan, CSjrnwallis, and 
Oiipperton. 

Although fi'om time to time various tlieories have hec*ii |mt 
forward as to the origin of these phosphate deposits, there ran he 
no reasonable doubt that they arc all due, primarily, to hird- 
droppings. 

With the one exception of Clipperton Island, the cle|msits 
consist entirely of more or less leached guano overlying a tniral- 
lloor which is, to a greater or less extent, ehangtMl Ijy melaHomutisin 
into tricalcium phosphate. The de]30sits nieutionetl as Inung of 
commercial importance have been leached so c*oitiplt*tely that the 
soluble j)hosphates have entirely disa])pea red, sonu* of ilu.‘ phosphate 
on Ocean Island, for example, containing rjver 5)0 per <*ent, of 
tricalcium phosphate (Ca,,P/-^s). <>n I^Ialden Island, where the 

birds still congregate, all three forms of ealeium phosphate 
(OaH^PaOy, CaHPO^, andCa^P./)^) are fonnd; while im Oiipperton 
Island^ a mass of traclij’-te, about 00 feet high, rises through tin* 
coral in the south-eastern part of the island. The* original stnud ure 
of the trachyte is still discernible; but the alkaline silicates have 
been replaced by phosphates of calcium, aluminium, and iron. 
The main portion of^ the deposit on this island is, howi*vcr, of a 
type similar to that found on the other islands. 

On most of the islands the underlying coml shows signs of 
partial dolomitization (43 to 45 j)er cent, of magnesium carbmiutc), 
the magnesia being chiefly derived from the guano. 

It is not my purpose to attempt to consider the ntmicrous and 
complicated chemical reactions wdiich may certainly, prohalily, f»r 
possibly occur when the complex solution, derived from the guano 
by the action of meteoric waters, interacts with the underlying 
rock. Here it will he sufHeient to consider the solution as con* 
taining, in its first phase, calcium phosphate, ammonium phosphate, 
and free phosphoric acid; and in its second plmso as containing 
tricalcium phosphate as a major constituent. 

The products formed by the interaction of this solution of 
guano on the underlying coml mass are similar in all the depsits ; 
but the ultimate results of the reactions are so completoly exmbtted 
in the Ocean Island deposit that I propse to deal with them when 
making detailed reference to that island. 


II. BrSLIOaEAPHY. 

The literature having reference to the phosphate depsits of the 
South Seas is very scanty, and few publications exist which deal 
with anything more than a superficial examination of the depsits. 
The list given below may be taken as practically complete 

& other Phoaphatic Depoiite oeourriii^ m Malden 
Jslaaid. W. A. Dixon, Jouxn. Boy. Soo. N.S.W. vol. xi <1877) p, 170, 

This is, so far as I am aware, the first serious attempt to observe 

* W. J. Wharton, Q. J. G. B, vol, liv (1888) p, 828, 



iiieth<«ru‘allj the coiKlitions uiuler wliich the phos])hate deposits of 
th<‘ PiieiiitJ wtjre formed. Tlie author reeords several interesting’ 
observatifms. At the time wlien his paper was written, Ocean 
Island, as a phosjdiato d(*pt)sit, was unknown. 

(2) Nature t% OriKiu of DepoHits of Phosphate of Lime,* .It. A. P. Pen- 
rose, Jr., Hull. U.H. Geoh Surv. No. 4G, vol. vii (1888) p. 475. 

This ])aper includes a eompndiensive account of the then known 
j^hosphatii de]>osits of the world. At the time when it was written, 
the mosi. valuable of the Pacific jihosphate deposits had not been 
<lis<‘ov(;red. 

(IJ) ‘ PlioHplia to- Deposits of Oeoan A Pleasant Islands.’ P. Danvers 
Power, Trans. Austral. Inst. Min. Enff. vol. x (1905) p. 213. 

'‘.Faking into considciration the short time that this author spent 
on these islands, his account is remarkably coinpreliensive and 
attcuratc. The paper is illustmted by plans and several good 
photographs, and is a valuable contribution to the subject. With 
the fa(d:s re<‘orded by this author, I am in almost entire agreement; 
but with his theory of the mode of formation of the present 
d<»}>osit from the original guano 1 am in almost entire dis- 
sigrt*ement. 

(4) ‘ (.Su'ii.lloK’ciio Phosphat-Tnseln Austral- Ocoanions A ihro Produkte.’ 
Carl Kl.sidmor, LulM'ck, 1913. 

In this hook the author has collected data and photographs 
from various sources, and lie is particularly indebted to Mr. Danvers 
l^)wer^s paper. There is little original matter of any value in 
the hook, and verv little discrimination has been used in the 
soleciitm of da hi. Tiie most valuable part of this work lies in the 
illustralitms, some of which are beautifully reproduced. 

in. <»KNEUAL StHITCTUBE OP OOEAN IsLANP. 

Ocean Island, as it exists at the present day, consists of a mass 
of dolomitired eond, almost completely coveretl by a cap of 
calcium phosphate, and shaped like a fiat dome. It rises at its 
highest jK)int to J300 feet above soadevel. ''.I'he circumference of 
the island is about 0 miles, the coast-line being almost circular, 
with the exception of the bight known as llome Bay on the 
south-west. The latitude and longitude of the island have been 
varionsly given, the extreme figures differing as much as 14', but 
lat. <r 52' H. and long. IHir 32' K. may be taken as very nearly 
eoiTOct, as I have obtained confirmation of these figures from many 
able navigators who visited the island. 

In all but the southernmost portion, the coast consists of nearly 
vertical and much eroded cliffs up to 30 feet in height, and 
-seaward extends a platform of marine erosion averaging about 
lOD 3 "ards in width. 

As stated above, practically the whole of the island is capped by 
a deposit of phosphate, sometimes as much as 80 feet thick, but 

b2 
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usually less than 50 feet. This covering is known to be lacking 
only where a thin line of raised beach occurs at the extreme north 
of the island; but at the extreme southern point the ]>liosphate, 
although there is little doubt of its occurrence, is masked by a 
modern beach-formation. The toj^ography of tlio coral basis ()f 
the island is almost entirely hidden hy the capping of phospliatt* ; 
but there is sufficient evidence available, ])artieularly now that 
part of the phosphate has been removed, to form some idea of the 
shape of the underlying mass. This appears to consist of a 
number of roughly circular platforms bounded towards the .sea by 
almost vertical eliifs, a section of the conil below the phosphate 
displaying a series of stejDs. These platforms havt* been much 
affected by subaerial erosion (jjrior to tlie deposition of the guano), 
and by the solutions leached from the guano ; Init at least tlireo (tf 
them can be traced round the island, and it is found thai they dip 
at an angle of rather less than a third of a degree soulh-south- 
eastwards. 

Outside these tilted platfonns occurs an almost horizontal 
platform covered with recent beach-material, and be 3 'ond this 
again is the platform of marine erosion at sea-level to which 
reference has already been made. At the present time thia 
platform is being extended inland by the sea.^ 

IV. The Cappinq op Pho8i*hate. 

Mr. Danvei’s Power divides the capping of phosphate in Oeea»> 
Island into two main types: * alluvial ’ phosphate and * roc’k * 
phosphate. Both of these terms 1 consider misleading, since tlie 
‘alluvial ’ phosphate has no connexion with alluvial deposits us tlio 
term is understood by geologists, and the word ‘ rock ’ is used in 
too limited a sense. I propose, thereft^x’e, to replace thi^se termw 
by using ‘incoherent phosphate rock ’ for what has been known as 
‘alluvial’ phosphate, and ‘coherent phosphate rock ’ for * njck ’ 
phosphate. 

Considering the Ocean Island deposit ’as a whole, rather more 
than half is made up of incoherent phosphate, and rather less 
than half of coherent phosphate. 

Incoherent phosphate consists of ‘pebbles,’ sometimes sub- 
angular and measuring 2 inches or more in diameter, together with 
smaller ‘ fragments ’ and pisolitio and oolitic grains grading down 
to dust. When wet it forms, in most grades, a cky-like matmdal 
in which the larger ‘ pebbles ’ are embedded. In colour it varies,, 
according to the percentage of contained tricaleiuin phosphate, 
from leather-brown in the lower grades to pale buff in the highest 

^ That the reef at present surrounding the island Is a pUae of xnarino 
dsttudation, cut out of an older reef, is shown by the fact tl»at stomps of 
d^auded pinnacles can be observed on the present surface. To-dsy this 
welne pl^e is being extended inland, the honeycombed com! of the land* 
as it is encroached upon by the sea being filled in with oalciom carbonate, 
IpHi staple precipitation and by the agency of aigse. 
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gracit*, the fanner consisting very Iarg<'ly of pisalitic iind oolitic 
grains, and the latter Innng more clay-like- 

Tlie fine niaito'ial of the intH»liertMii ])Iiosphate is derived 2 )artly 
frc)in tin* insolulde resitlue of the original guano, and partly from 
the product of llu* inlemetion of Ihe solutions leached from 

the guano with ihe tUrcctly underlying coral-sand. The coarser 
material is the produc^t (»f the slower action of replacement of 
calcium car]>onatc 1)3* tricalciiim phosphate. This is accomplished 
by soluticnis, derived from the guano, which have lost their j^ower 
of violently aitecking coral l> 3 ' ]>assage through the upper layers of 
the coral-saml. 

Tlie internal structure of the * pebbles,’ to which reference has 
been made above, proves them to be concretions. They are built 
«up, like agate, of a series of concentric lamiine, the outermost one 
Iwing the surface of the ‘pebble,’ and tlie 3 '^ imitate exactly the 
limestone concretions from which thc3'’ iniinediatcly derived, 
except for a slight difference in colour and for the Tact that their 
main constituent is tricalcium plios^diate. 


Coherent }>hos])hate is, in the main, almost identical in 
chemical composition with the incoherent phos]>hate. When any 
area is consiilenal, however, the c<>herent phosphate is found to 
contain slightly h’ss phosphate than the surrotmding incoherent 
maimnal. 'I’he coherent j»hos])haie may he divided into three 
classes: (a) fmgmental ; (f/) phosphatiml coml in sitn; and 
{<?) suhvitreouH phosphate. 

(ft) The fragmental ]>hosphute may be coarse or fine in 
gmin, gnuling imperceptihl 3 '^ into the incoherent variety. It 
occurs distrihiited in an irngular manner throughout the beds of 
incoherent plnisphatc. In external features and internal structure 
it imitates the various detrital limestones which are formed on a 
coml reef. Where it is laminated, the laminm are hut rarely 
horissontal ; and every fact that 1 have observed in regard to this 
phosphate tends to prove its direct derivation from detrital coml- 
rock, or in rare cases by the secondary cementation of incoherent 
phosphate, the cementing material being, in this case, either sub- 
vitreous phosphate or phosphate precipitated from solution in a 
state of Bne dfivision. It may be stated, indeed, that the morpho- 
logical chameters of the phosphates generally are almost entirely 
iderived from those of the pre-existing coral reef, and that all the 
typical forms in which reef -limestones occur find their counterpart 
in the phosphate deposit. 

^6) Fhosphatized coral in — The coral platform, upon 

which the other types of phosphate deposit rest, consists of closely- 
p^ked masses of pinnacles (Karrenfeld), often 80 to 50 feet high, 
^ere is little doubt that these pinnacles owe idieir form, primarily, 
to suba^ria! denudaMon which oecuwd before the phosphate was 
dej^ited. The solutions ieaoh^ from ^ guano have, however, 
eeeMdderably modified form, mmdlng ilbeir outlines and, in 
msm mmh eonveftliig Ihem m wh<^ Into a compact mass 

of 
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(c) The translucent (subvitreous) variety of phos- 
phate occurs sometimes in finely laminated masses, soinetiinos as 
a cementing ingredient, and often as an outside coating to 
phosphatized coral or as a lining to cavities within the tinphos- 
phatissed coral. Its habitat, chemical composition, and structure 
all point to its rapid deposition fi'om solution. As proof thereof 
may be cited the fact that this material occurs always in thin 
laminae, the composition of which often exhibits a marked differ- 
ence from that of the contiguous material, and contain.s a much 
smaller percentage of minor constituents than the other varieties. 
Specimens of tianslucent phosphate have been foun^l in which tlic 
bubbles given off by the solution on evaporation have been 
perfectly preserved : in one case, the whole of the surfact* of a 
specimen consisted of the cast of unbroken bubbles, tlie o.scap(‘ of 
which had been prevented by a skin of phas}>hate formed cm the 
surface of the solution. Under the microscope tninslueiMit ]»hoK- 
phate is completely isotropic, and it is highly probablt* that the 
substance is in a colloidal form. 

This translucent phosphate may be regaixled as the ultimate 
product of the solutions leached from the guano. At the jmint 
where it is formed the mother-solution had no further action on 
coral, but consisted principally of an equilibrium mixture of 
calcium, hydrogen, phosphoric acid, and carbon dioxide ions and 
their corresponding salts. Loss of carbon dioxide caused a dis- 
turbance of this equilibrium, and tricalcium phosphate, together 
with a small amount of calcium carbonate, was deposited, consti- 
tuting the translucent form. 

V. Distbibxttion within the Phosphate Deposit. 

During my three years’ residence on Ocean Island, I made a 
very extensive series of analyses from the soil, the natural surface 
of the phosphate deposit, and the deposit as ex|>osed in excavations 
made either for the purpose of working or test- Many of the 
samples were taken from areas completely outside the then 
recognized phosphate ^fields,’ and in the worked areas the de|>oflit 
was tested by means of samples, taken at short distances amrt, 
from the surface of the deposit to its total depth* 

For the first few inches the deposit is black i this, in fact, 
constitutes the soil of the island. The tricalcium phosphate 
content of this soil is often more than 20 per cent, lower than the 
average for the area ; its calcium carbonate percentage is Wlow 
the average also, while its or^nio content is corresponoLigly high. 
The total lime percentage is but slightly below the average for 
field, proving that the organic matter is present largelr as oaloiimi 
the phosphoric acid having been released to ‘act on the 
niateml. In the excavations the black soil merges 
^^P®Tceptibly) into the main mass of phosphate, 
^ reached, the tiioalcinm phosphate content 
consfebnt as one descends to a point within a few 



e actual aimlgirses for this graph ware made on material obtained from a point ; 

The Taxiation exhibits the same eharactmristlcs ihrcmg^oat the 



'Curve showing oharaeteristie variation in the composition of Ocean Islttnd pkmp'kes^ t%e 
depth y from the surface of the deposit to its junction with the dolomiti^ed eovad. 
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inches of the coral bottom. Hei*e a rapid increase in the jwr- 
centage of calcium carbonate occurs, together with a corresponding 
decrease in the percentage of triealcium phosphate. The organic 
matter may either increase, remain constant, or decrease to a 
small extent. The lime percentage remains sensibly constant, 
■with the exception of a small increase in the first few inches <lown 
from the surface. The changes cited above are illnstnited by tluj 
accompanying gi-aph (fig. 1, p. 7). 

The coral lying directly below the deposit is almost completely 
dolomitized, containing usually from 43 to *15 per cent, of 
magnesium carbonate. 

The foregoing remarks deal with the variation of tlie composi- 
tion of the phosphate from smdaco to bottom at any one j>oint. 

The variation in comjDosition of the plios])ha1c from point to 
point, on the surface of the island, has yet to con- 
sidered, and this variation may be summarized, from the results of 
many hundreds of analyses, as follows : — 

(1) Analyses show that, throughout the dejjosit itself (apart 
from the black soil) the extreme variation in pliosphatic content 
in different parts of the island is between 79 and 92 per cent, of 
tricalcium phosphate. 

(2) The variation in composition with depth rarely amounts to 
more than 1 per cent, in the body of the deposit at any one 
locality j it is sufficient, therefore, when considering the variation 
from point to point on the island, to take the avemge composition 
from surface to bottom at a single spot. 

(8) In general, on proceeding from any ]>lace on the coast 
towards the centre of the island, the phosphate content of the 
deposit increases, while at the same time the deposit itself increases 
in thickness. 

In detail, however, the disti-ibution of the phosphate according 
to the content of tricalcium phosphate is found follow a law 
which is elucidated by the co-ordination of th® analyses. 

(4) If we plot the results of the analyses in the form of ‘ tso- 
phosphatio lines,’ these lines are found to cut the sui*face-contour« 
of the ground in a perfectly i*egular fashion. These lines may be 
regarded as the outcrop of what can be called ^ isophosphatic 
pknes’ in the deposit, and the excavations (up to the end of 1014) 
-show that such planes are pei’sistent throughout the whole of the 
phosphatio capping of the island, so far as it had been explored 
either in workings or in pits made for the purpose of test. These 
planes are not sharply marked oM one from the other, the phosplmte 
•content varying quite ^dually from 79 to 92 per cent. They are, 
•of course, only recognizable where they cut the phosphate deposit, 
Md not where they out the unaltered coral base* 

(5) A convenient plane for reference is the Isophoephatic plane 
s^ . Sdper cent, of triealcium phosphate, which cuts w ssadevel 
Awt Ij^ mile north of the southernmost point of ^ laknd, T%« 

mibrseotion of ^this plane with sea-Iavel la ori^tatid aaat** 
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iiorlh-ea.si anti wust-sontli-wi*st, anil its jxjsitiun is indicated on the 
acconjpan;\dng plan (fig. 2). The [>lane rises north-north-wost- 
wards at an angle of 17', and plunges helow the sea south-south- 
east wurtls at the same angle. 

((>) Analyses of samples taken in excavations show that the 
pereentagti of trieakuum pliosphate in the dejiosit increases steadily 
with height above this tlatum-plane until a maxinnnu of 02 per 
cent, is reuidietl, at a jioint which, though not the highest jioint of 
the island, is the one farth<‘st from the datum-plane, 'riie change 
in the phosphuiic content of the dejiosit as one approaches or 


Fig. 2. — Skrfcli^map of Ocean IcIantL 



recedes from the datum-plane is quite regular ; in fact, it may be 
stated tlmt the pementage of tricalcium phosphate at any point of 
the deceit is a straightdine function of the aistance of that poi^t 
imm the datum-plane. 

(7) Below the datum-plane the phosphate content falls at ^ 
aame mte as above, to about 79 cent Lower than ^Is, no 
phosphate de^sits of any extent have been founds either the oomh 
Wng reached or the deposit petering out an^ bj^g leplaoed by 
unphosphatiaed ooral-roac or eoral^Mms. 

(8) llie eidbtence of this law ol disMbutlon mahes it possible 

to predict with consIdemMe aoewi^ 'Oi pho&pmU to 

'be mqpeeted im new areas el lim' fMa an aj^noximate 
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estimate of the productiveness o£ any area, and, within certain 
limits, to forecast the colour, specific gravity, vesicularity, factor 
of saturation by water, texture, and percentage of minor con- 
stituents. 

(9) The planes give the impression that, since their formation, 
they have been tilted on an east-north-cast to west-south-west 
axis to the extent of 0° 17'. The effect of such a tilt w<uiid he to 
raise the north-nortli-western part of the island about iiO feet. It 
is this part that is girt by a nxised beach wlucii reaehtis a maxiimini 
of 30 feet ahovo the ju’csent sea-level. Further, the inclination of 
tlie isophospliatic i^lanes is equal and parallel to that the plat- 
forms in the conil under the jdxosphate, to which reference has 
already been made. 

(10) The formula co-oixlinating the analyses is expressed uh 
follows : — 

Percentage of CQiiT.^0^ at any point X 
=80-1-0*04 (height of X above sea-lovel in foot) 

~0‘04 XA' feet, tan 0° 17', » 

where AB is the lino of intersection between the 80 per cent, 
datum-plane and sea-level, and XA' is the horizonbil disbincc* of 
the point X from that line, 

^ This formula gives, for all bulk samples, a value closely approximatinpr 
to that obtained by actual analysis, the difference usually being less than 0*3 
per cent. : that is, within the experimental error of an analysiH carriwl out 
under commercial conditions. The theoretical derivation of the formula is as 
follows ; — Let the figure given below (fig. 3) represent a section of the irtland 

Pig. 3. 



cut by a plane at right angles to sea-level and the 80 per cent, datum-plane. 
A' is the point of intersection of the tmee of the datum -plane with Hoa-level, 
X is the point at which it is required to detennine the poroeiitage of tricalciuin 
phosphate, XX'A' and XYA' are right angles. 

It is assumed that the percentage of tricalcium phosphate is a function of 
the distance of X from the datum-plane, and the formula will therefore be 
of the type r-CagPyO, per cent.=80 + (/)XY. 

By analysis in the field it was found that /=r0*04 when XY is measured in 
feet. Hence CaaP^O^ per cent.=80+0*04 (XY feet). Now, as X"XV is a very 
small angle (17 ), XX" may be taken as equal to XY, without introducing 
sensible error, therefore : — 

CagPaO^ per cent. =80 +.0*04 (XX" feet) 

==80-1-0*04 (XX' feot-X"r feet) 

=804-0*04 (height of X above eea-level in feet— A'X** 
tan YAX'). 
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VI. Method of Foemation. 

Mr. Danvors Power considers that the })resent deposits were 
formed, first of all, hy the dej)OHition of tricaleiuiii jdiosphato in. 
the cavities of the original coral. This form he named ^ primary 
rock-|>hosphate.’ "I'iie coral-rock, with it.s jdiosjdiatc-fillcd cavities, 
was then comminuted hy marine action. The carbonate of lime 
(being softer anti more n^adily soluble than the ph<m])hato) was 
washed away, and left the waterworn partieles of phosphate behind.. 
Such partieles he termed })rima.ry alluvial,’ and they correspond 
to "vvhat I term ‘ incohei*ent phosphate rijck,’ When this mateiTal 
is cemented ])y more jihosphate, Mr, Danvers JV)wer calls it 
* secondary roek-phosphate.’ I’o account for tliat which 1 term 
‘ fragmentary phosphate,’ he assumes a second submergence of 
the island and terms the material ‘ secondary alluvial phos]>bate.’’ 
His theory, although ingenious, is not in consonance with the 
information now available, Some of the divergences are stated 
here. 

First, the dolomite, in the cavities of winch Mr. Danvers Power’s 
primary rock-phosphate ’ occurs, is much harder than the g(‘neral 
mass of the phosjihate. Kven if it were not so, the complete absence 
of unphosphati/.etl coral fragments within the dep<.>sit would be 
dillieult to explain. Se<*(mdly, the theory in nt> way explains the 
ol)s(.*rved uniform variation in the percentage of tricalcium ]>hos- 
])hatt.», according to the position of the sample taken. Thii’dly, 
on tluj southern coast, where the phosphate reaches .sea-level, the 
very action which Mr. l\>vver regards as having i>r<KluctHl a material 
containing SO per cent, ami more of tricalcium phosphate is in 
actual opemtion at the present day, and the result is a coral-sand 
containing usually less than 5 per cent, of tricalcium phosphate. 
Lastly, what Mr. Power considers to he waterworn grains are 
really pisolitic ami oolitk? particic.s, exhibiting, under the micro- 
Hcopc, an internal banded structure, the bands being eonforiuable 
with the outlines of the grain. 

My theory is Unit the guano was deposited on a x’ising mass of 
coral, whi<»h had already sufTeivd marine peneplanation, and had 
!)een consulerahly eroded <luring previous periods of the history of 
the island. As the island rose, the area on which the guano could 
he dtiposited was, natumll}", c.xteiulcd radially. Thus the guano- 
deposit would tend to he thick in the eentml parts of the island,, 
and thin near the coast. This explains the greater thickness and 
the higlier ijuality of the phosphate in the central parts of the 
island as known at the present day, the higher j)ercentage of 
tricalcium phosphate being explained, of course, by the fact that 
the solutions leached from the guano not only had a longer period 
to act on the underlying coral of the central portions of the island,, 
but that they were concentrated by passing through a greater 
thickness of guano before they reached the coi^L 

The uniformity in the variation of the percentage of tricalcium 
phosphate throughout the deposit points both to a uniform rate of 
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deposition of the guano and, contempunineously, to a praetioally 
uninterrupted elevation. The dex)usition c»f guano, at hiast to any 
considerable extent, appears to have ceased before tlie final gentle 
tilting of the island occurred. 

The solutions frointhe guano would, first of all, iviu*t vigorously 
with the coral and coral-sand directly ])eneath, the react ion 
resulting in a structureless mass of im])ure triealeium ph4»spitate. 
Following on the iirst violent action would be a slower ivplat‘rint;ni 
-of calcium carbonate, in the underlying inati‘rial, by trieahuuiu 
phosphate. Where the action occurred in eunnexhm with tin* 
oolitic calcium carbonate so common on eoral reels, it wouM giv<; 
rise to oolitic phosphate -particles, and form Ihnst? types of phos- 
jdmtc which imitate various detrital ami conereti(»nary limestma's. 
The eoral not eaten away by the guano solutions wt*uld be clauiged 
by metasomatism into the phosphate pinnacles <»bserve<l in the 
workings. Finally, the solutions vvtmkl consist, of an tM|uilibrtinn 
mixture of tricalcium jdiosphatts calcium carbonate, and carbon 
dioxide bereft of the power to athick coral. ]$y the loss of its 
carbon dioxide this solution would yield the substance to which 
reference has been made tinder the name of transhuuMit 
phosphate. 

The form of the coral pinnacles underlying the ]>hosphate, and 
tliat of the concretionary limestone (now changed to phosphate) 
occurring beWeon the pinnacles, suggest that tlie island sulTered 
at least one suhinergenee before the de})osition of the guano, in 
any quantity, commenced. This supposition is strengthened hy 
the fact that newer corals (now phosphatized ) an* occasionally 
found attached to the dolomitized pinnacles. 

The ishnul shows no evidence of having suffered any exteiisivt* 
submei’gence since the deposition of the guano. If sulunergeneo 
had oecurrocl, there would certainly have been left traces of <*oral 
beaches overlying the phosphate deposit. No such beachess have 
been observed. It may be argued that such bea<*]ies were t*oii- 
verted into pho.sphate by solutions leaclied from guano subse«|U(‘ittly 
deposited. This may have hap])ened, but I consider it very im- 
probable, as I have shown that the variation in the |«Teentage of 
triealeium phosphate, witlnn the deposit proper, nirely exceeds 
1 from top to bottom at any point. If fossil beaches existinl 
within the body of the deposit, tliere can he little dmi!>t that they 
would be indicated by a local change \n tlie phospliate content. 

Since the cessation of the deposition of guano, tiu* island »ho%VH 
•evidence of liaving been tilted from the north -noi*th- west towards 
the south-.south-east, as i*ecorded hy the dips of the platfontis ttf 
•coral and hy the isophosjihatie planes. 

Many hundreds of analyses have l>een reviewed in arriving at 
these conclusions. These show that in bulk samples, the |ier- 
centage of tricalcium phosphate varies between SO and DO, One 
representative analysis of the phosphate, when dried at 100® C,» is 
recorded here : — 
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Pox* cont. 


tXP.O^ 87-5 

OaCJOy 3-5 

OrffMiic niattwr t 2*5 

Cab combiiicci with tho abovtj . . . 1*0 

OaF.j 3*0 

Al,0.„ ijV .O., 0*7 

MffO' 0*3 

CaSOi 0*5 

SiO 1*0 


Total 100*0 


lu geiuiiul, tho trioalciuni phosjxliate, calcium carbonate, and 
org^anio matter make u[) about per cent, of tlie nnatorial 

(wliatt‘ver its grade), tho other components sliowing but little 
variation, except in the sxibvitreous varieties whiclx contain a 
smaller ]>ereentage of impurities. 

The excess oi* lime show'n in the analyses has given much trouble 
to Dr. Carl Jlllstdmer, who has invented various compounds to 
account for it. Thei'C is, however, no rea.sonable doubt that it is 
simjdy combined with tlic organic matter. Klscliner states, with- 
out bringing forward any evidence, that tht3 calcium fluoride is. 
coiuldued as ajjatito. ^fhe )>hysical and chemical properties of the 
])hosphato render it tmlikely that such a resistant su]>stancc as 
apatite is [)resent in any <iuanlity, and it is my opinion tliat the 
fluorine occurs combined chieflj’^ as silico-fluoriilc. 

Mr. Danvers Power believes that the central portion of the 
deposit occMipies tluj site of an old lagoon ; but, so Far as they have 
been revealed, the contours oF the underlying coral-mass do not 
lend themselves to this view. The highest point of the island is, 
in Fact, an oulsiamling and completely ]>hosphati/*ed coral -pinnacle, 
ilie i»oots t»F which cxtiunl, at a small <lepth from tho surface, over 
a C(»nsiileral>le area. 1 have everj*^ I'eason to htdieve that the flat 
top of the island rejxresuuts the remains of an upj>ermost marine 
plaiF»?rm cjf twul. 

VI 1. OoXlTATsrONS. 

(I) The bas{3 of Ocean Island eonsi.sts of atypical Fo.ssil coral™ 
riMjf, much altennl hy marine and suhaerial denudation. Before 
the tleposition of the guano occurred, this reef was partly dolomi- 
iized ami s\i{Tored considerable erosion, the hollows in the eroded 
HurFace being afterwards filled hi by dctritul and oolitic limestones 
Formed hy marine action. The evidence available makes it probable 
that the reef has suffered more than one submergence and emer- 
gence previous to tho deposition of tho guano. 

Practically all the fossil remains found in the deposit are so 
altered as to bo indetei*minable, the only specimen in good pre- 
servation being a single tooth of Varcharodon megalodon^ which 
would indicate that tho age of the deposit is post- Miocene. 


* Pr, A* Morley Psivies, in Hit* 
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(2) The guano was deposited on a slowl}’ rising reef, both 
•deposition and emergence appearing to have been regular and 
without sensible break. 

(3) The deposit, as it exists at the present clay, ccuisists of tlio 
insoluble parts of the original guano, together with detritul and 
•oolitic limestones and the directly underlying eoral-roek, all <d‘ 
which have been changed, by the metasennatic action of .solutions 
.leached from the guano, into a rock composed mainly of triealciuiu 
phosphate and containing small percentages of caleiuui earbonute, 
•calcium lluorido, and silica. This rock still bears the chamcleristie 
form of the original liinestone. 

(4) Subsequently to the deposition and leaching of the guano 
.and the formation of the phosphate in its present form, the island 
.has l)een tilted about a west-south- west and c*ast-iuu*th-east axis 
towards the south-south-east, the axis being about 1 1 luilo north 
•of the southernmost j^oint of the island (Sydney Point), lliis 
tilting occurred in comparatively recent times, Aftt*r the tilting 
.a slight elevation of the island, to the extent of about a (Haqde of 
feet, is thought to have occurred, and this movement ap 2 H‘ar.s to 
•continuing at the 2 >resent time, 

(5) The study of the variation of the percentage of tricaleium 
iphosj^hate throughout the deposit has brought tt> light its remark- 
able regularity, which jnay be represented by a sex’ies of iso- 
phospliatic planes. The direction of these planes confirms the 
.gentle tilting suggested by geological evidence which, by itself, 
might have been overlooked or considemd unsatisfaciory. It is 
possible that a study, on the lines here suggesttul, of the other 
-completely leached phosphate deposits occurring in the Pacific 
may help to elucidate the i>ost-Tertiary movements of the Pacific 
floor; and it is with the object of stimulating such investigation 
•that this paper has been writ'ben. 

The work on which this paper is founded was ilone prior to the 
-end of 1914, but up to the present I have had no opportunity <*f 
jmblishing the results achieved, first owing to the war, and secondly 
-owing to absence abroad. 

Mj sincere thanks are due to tlie i^iicific Phosphate C<»m|«tny 
for permission to use results obtained while in their cmphiy ; to 
Prof. W. W. Watts, to whose untiring aid and helpful eriiiciHtii 
iihe paper owes its present form, as also to other meinlHtrs <if tht» 
istafr of the Geological Department of the Im|H?ri{tl College of 
Science & Technology for inticli advice and help. The arduous 
work of preparing the pajHJr for publication anti of seeing it 
through the press has devolved on Mr. (1. S. Sweeting, F.G.S,, 
to whom my best thanks are due. 

Discussion. 

Mr. J. F. N. Green referred to the interest of the differential 
Kuovement, proved, he thought, for the first time for one of the 



smaller limestone islands o£ the Pacific. Thex^e might be signi- 
iicfincc in the ocenrreneo o£ thick deposits of phosphate-rock in 
the Pacific on ‘ high islands ’ only, Avhei’eas * low islands ’ supplied 
infeidor siii’faee-inaterial, jii’osuinably owing to slioi*tei' occupation by 
birds, l^erhaps a short time ago, geologically sj^eaking, the low- 
lying islands Avero under watei*, which would also account for the 
late aiTival of Man. 

The AnTiroa replied that most of the terniced limestone-islands 
of the Pacific have been noted as appi'oximating 100 metres 
(32H feet), and Ocean Island confoi'ins to the genei*al rule. 
Apparently, howevei*, no evidence of slight tilting has been noted 
before. The reason that all the deposits of any greai value occur 
on such islands may be due to the very uneven surface which a 
])latform of eroded coi\al offei's, the guano being thus ti’apped in a 
way that would be iini^ossible on the smooth surface of the low- 
lying islands. The I’easons for the disappearance of the birds ai'e 
obscure ; but it may bo noted that the really extensive and older 
phosphate deposits of the Pacific tend to occur in the west, Avliile 
the siualler and moi*e recent deposits ai*e found most fi-ecpiently in 
the east. 
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Part I. fcJTRATiGEAPintLVL. 

(1) lutroductinn. 

North of the little town of Lluuwrt^'d Wells lies un oval patch 
of igneous rocks, about 3 miles long and half a iniie breath 
It has long been known that these rocks occupy tlu* core of an 
antiolino — tliatof the Vale of Towy^ — which sirikes approximately 
north~north-east and south-south-west. Some years ag«> I visited 
the igneous rocks in the neighbourhood of Builth (described by 
Mr. Henry Woods in 1894). It has usually been prcsuincsl that 
the igneous x'oeks of Llanwrtyd, vehieh locality h about 10 inilcH 
west-south-west of Builth, aro of the same ago as those near tlie 
latter town. Accordingly, in order to test the truth of this Imlicf, 
a survey of the Llanwrtyd rocks was begun. It was found that the 
igneous rocks differed considerably from those near Builth, but at 
that time no paheontological evidence of their a^o was found. 
In 1020, while studying the Biluro-Devoniaii Junction in Central 
Wales, I took the opj)ortunity of revisiting Llanwrtyd Wells for 
the pm^ose of completing the mapping of the igneous rocks and 
Ordovician sediments. 1 was accompanied on this occasion by 
Mr. Wooldridge, who has undertaken the petrological description 
of the rocks. 
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(2) Previous Work. 

The literature relating" to this district is scanty. The only 
description is tint given by Sir Roderick Murchison.^ He states 
that the ])resenee oi‘ niiiiGral springs at Llanwrtyd Wells led him 
to suspect the presence of igneous rocks in the neighhourhood, and 
his investigations }>roved that such rocks did occur. His account 
oeeu})ies two pages in the * Silurian System and is accompanied 
hy twf) woodcuts by Mrs. Traherne. Curiously enough, tlie 
<lescription of tln^ Llanwrtyd rocks is not repeated in * vSiluria \ 
an<l the reFerences in that work are very brief. 2 

The district was mapjjed by the Geological Survey on the l-inch 
scale, and the map (Sheet oO S.W.) was published in 1850, The 
structure is fairly accurately shown, but no attempt is made to 
distinguish between the breccias, ashes, lavas, and intrusions, all 
being coloured as ‘ Felspathic Trap.’ The structure is further 
shown in Horizontal Sections 3 & 0- 

Prof. W. G. Fearnsides has stated that 

* bods of Aronig* ag*o .... form the core of tho Carneddau (Llaiidrindod-Builth) 
mass, and appear also at Llanwrtyd . . . [and] ‘ at Llanwrtyd tho succession, 
seems to hogriii with tho tuning‘-fork graptolito-bods. In each area, as at 
Aronifif, tho voloanic series boyius wdth basic anclcaitos and tbroufirh rhyolites 
passes to rhyolitic ashes before tho oncoming* of tho Llandeilo Flag* Series.’ 

These remarks may apply to the Llandrindod*Builth aim, but 
they are certainly not tnie of the Llanwrtyd district. Other 
references to the district are of a general nature, and will be 
(pioted, where necessary, in the sequel. 

Murchison’s general description is so clear that we may, with 
advantage, (piote portions of it here. Ho writes : 

* I found a lino of intrusive rook, about three milos in lengrth and half-a- 
niilo in its groatost width, running*, like tho trap ridgres of Radnorshire, 
from n(»rth-oaHt to south-wost. A narrow and deep doll, through which 
flows the rivnlot Conlin, divides this elliptical- shaped ridgo into two moun- 
tains, Caor-cwm and Garn-dwad, each about 1600 foot in height. At tho 
north-oastom extremity of Oaer-owm, trap is soon, for tho last time, on 
the banks of tlie little stream Nant-oiwon, alternating in thin courses with 
slaty schists ; whilst at the south- western end of Garn-dwad the trap crosses 
tho Ithon between Llanwrtyd and tho mineral spring, near a boss of 
rook called <Jwern-gc>oh, tipon the right bank of that river, and near the 
farm-house of Dol-y-dymmor. In this ridge of Gam-dwad and Caer-cwm 
the predominant oharaoter of the trap is porphyritio, and the following 
varieties ooour (* Tho Silurian System ’ 1839, Joe. supra cU,) 

[Murchison distinguishes seven varieties of ‘trap’ ; of those No. 7 is the 
spUite amygdaloidal trap, cellular on the weathered surface’), 5 is the 
intrusive rock (‘greenstone’), 4 is probably the massive form of spilite, 
the others are varieties of the ashes.] 

* Whilst the porphyritio trap occasionally peeps out in rugged bosses along 
tho summits and sides of the hill of Oaer-owm and Gam-dwad, the little 
transverse dell of tho Cerdin lay s bare the true nature of this nucleus in a rook 
called Craig-oastell, which towers above the left bank of the stream, . . 


* * The Silujrian System * vol, i (1889) pp. 848-46. 

* ‘ SUuria* 4th ed. (1807) pp, 57-88. 

* * North & Central WalM’ (Geology in the ISield) Jubilee VoL GeoL 
Aseoo, <1»X0> pp. 796-97. 

O. XG. S Ho- JllS. 
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(3) The Succession of the Strata. 
The succession may he tabulated generally thus - 


5. The tipper Ashes 


(7. Intnision.) 

6. Black Slates, cleaved and almost nnft»hHilift>roux. 

’ fossiliferotiH ashy shales. 

fine handed ashes, 
j coarse ashes. 

4 . Hardened mudstone.s, with a hand of ashy limestone 
(weatlierinjj to ‘ rottenstono ’) in the upper part. 

3. The spilites and spilite-hreccias. 

2. Hardened sediments, with fossiliferous inudstoiu s. 

1. The Lower Ashes 


f coarse breccia (rhyolitic). 
\ fairly coarse ashes. 


Even in the short distance of miles, from (Uum'IuI <»f tin* igneous 
mass to the other, the succession .shows considerahlt* variathui. 'This 
is ])artic*ularly the ease with the ashes in their <U*grec of <‘«wirsent*sK, 
and with the s])ilite.s. 

The whole series (except the higher parts of t>) may In* <U*scrihed 
;as of Glenkiln-Hartfell age, being on the same horizon 
as the Dieranograptus Shales of South Wales. 


{a) The Lower Ashes and Breccias. 

These beds are only seen in the deep tran.nverse valley of the 
Nant Cerdin. The base is not visible, and the lowest strata seen — ^ 
well exposed in the bed of the stream, at the j)oint A marked on 
the map (FI. TI) — consist of compact, fairly coarse ashes. T!»e 
rock is pale greenish- grey, and contains whitish angular fragments. 
Occasional darker veins, which are so arranged as to simulate the 
divisions between spilite-‘ pillow's,’ are also seen. A closer exami- 
nation, however, reveals no lithological difference, Ijeyond a slight 
deepening in colour of the matrix. 

Succeeding the ashes is a coarae breccia, which forms rugged, 
almost vei*tical cliffs (the Craig Castell of Murchisfui), some SO or 
90 feet high, on the northern side of the stream. The rock has a 
remarkable and distinctive appearance, since the breccia ted frag- 
ments weather white while the matrix remains black. The wlitilo 
rock seems to have been silicified, and tends to break with an cfven 
or semi-conchoidal fracture. It is well jointed,^ and the presence of 
east-and-west joints, together with a slight santliwaixl jatch, liave 
produced the steep cliffs. XJnweathercd portions are of a uniform 
black or dark grey. The rock bears a close resemblanee to certain 
rhyolitic flow-breceias described from other parts of Wales ; as, for 
example, Conway .2 On the other hand, features such as banding, 
observable in one fragment, cannot be traced in the next, and 
therefore the rock is not comparable with a shatter-breccia. On 
the whole, the Llanwrtyd breccia seems to agree closely with the 
ffow-breeciated (or auto-brecciated) lavas described by Mr. J. F. N. 
Oreen from the Lake Listrict,* 

^ Mttrohison states that the rook breaks up into slender fonr-elciea iioinmns* 

. * 0. It. Biles, ‘ The Belation of the Ordovician ^ Bilnrian lE&ooks of Conway 
(Horth Wales) ^ Q. J. G. S. vol. Ixv (1909) p. 169. 

^ * J JE?he Tnloanioiiy of the Lake Bistadot * Proo. QeoL Assoe. toL xxx <1919) 
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(/») The Hartlcned Sediments. 

The .sediments which succeed the rhyolite-breccia are not well 
<ea£j)u.scd. The principal section is in a tiny .stream Howing into the 
Nant Ckirdin (marked 15 on the map, PI. 11). Elsewhere the 
j[) 0 .sition of these beds is marked by grass-cov’^ered slopes. They 
appear to con,sist of liardened mudstones, with some gritty or ashy 
bands. The int(n*est of these mudstones lies in the fact that they 
have afforded a fo.ssiliferous hori^son. At the point marked 0 on 
the map (PI. II), situated in the higher part of the beds, and only 
a short distance below the horizon of the spilites, the hard black 
shales yielded a brachiopod and numerous gmptolites. I am greatly 
indebted to Miss O, L. Elies, 11, Sc., for the determination of the 
graptolites. The fauna, though a small one, is quite distinctive: — 

Siphanotreta micula M‘Ooy. ClimaaograptuB acharenhergi 

Dicra)iogTa2itu8 rechia Hopkinson. Lapworth. 

<Qlyptogra2}tua ieretinacuihis var. Aynplexograptns perexcavatus 

aiccatns Elios A Wood. Lapwoi-th. 

This a.ssociation is characteristic of the jDicra^io^raptits Shales — 
particidarly of the horizon of the Mydrim Limestone of South 
Wales, and of the higher part of the tllenkiln Shale (Zone of 
D i era HO(/ra pitta racius) of Southern Scotland. The impoi'tant 
point is that this graptoli tic horizon occurs below the spilites: 
hence the latter mu.st be younger. The significance of this fact 
will be considered in more dehiil later. 

(tf) The Spilite.s and Spilite-Breccia.s, 

'Tlnu’C arc three main ex^iosures of this horizon ; — 

i(i) In tbo bed of the Bivor Irfon and on the northern flank of its valley in 
the south. 

(ii) On each side of the transverse valley of the Nant Oerdin, 

.(iii) In the central ridge of Car Cwm, on the north. 

The spilites vary greatly in their thickness and appearance in 
-the field. In places pillow-sti’ucture i.s well developed; at other 
points the rock is (piite massive. In colour, they vary from a pale 
bluish-green to dark greenish-grey, the latter hue being character- 
istic of the massive si)iHte of Car Cwm. The rocks are nearly 
4 ilways vesicular, tt) a greater or less degree. The vesicles are 
filled, either with some pale mineral (particularly calcite), when 
■they are eompamtively inconspicuous ; or with a dark-green 
chlorite having lustrous cleavage-planes, when the rock assumes 
41 conspicuous spotted apjxjarance. The material in the vesicles 
weathers easily, and the resulting rock has a spongy aspect. In 
the south, where they form the bold blufP overlooking the river, 
•the spilites arc fairly massive in the lower part ; but they have a 
(cbaractecristic ♦pillowy’ structure in the upper part. Here some 
«of the * pillows ’*ara of great size, ranging up to 10 or 15 feet in 
diameter* They generally have an extremely thin, almost glassy 
crust, followed by a very vesicular Iwtnd 4 to 10 inches thick, the 
wesioles becoming fewer towards the centre. The central parts have 
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only a few large vesicles. The underlying heds are not «,*xj»ostMU and. 
owing to the strong southward pitcdi of the antieline, it is <litiienli 
to estimate the thickness of the spilites. They appear, h<nvev«‘iv 
to he certainly not less than 40 or 50 feet thick, and may he much 
more. Beautifully fivsli exanijiles of tin* rock- of a pale 
gi'cenish colour with inconspicuous vesicles- may he colh'i'ted from 
the bed of the River Irfon. The spilite forms reefs er4»ssii»g t!ie 
river obliquely, and, when the water is low, the little haials id* 
chert se}>arating the * pillow's ’ are W'ell seen. 

As we pass to the tiuinsverse valley of the Xant thnnlin, the 
spilites may be tmeed almost continuously on hotli sides of the 
valley, and shovr at once the anticlinal structure of the muss. In 
the upper part of the band marked as spilite on tht‘ map (1*1. II >. 
two Hows, each a few feet thick, may soinetinu^s he distinguished. 
Both consist, for the greater part, ot* tyjncal pilh*w-!ava ; uinl the 
two arc separated by a few feet of ashy sediments. Th«‘ inten‘st <»F 
this section, howxwer, lies in the development helow the spilite-tlows 
of a curious rock which may be described as a ‘.spilite-Im^ecia.’ 
The term is not a new one, having been used la* fore by Mr. i\ I* 
Gardiner A Prof. S. H. Re^molds.^ The rock consists of a typical 
breccia or coarse ash, in which are embedded innumerable ‘bombs* 
of spilite. These * bombs ’ resemble miniature pillows ; they are 
vesicular within, and possess a thin glassy crust. They vary in size 
from about 1 to more than 12 inches in diameter. As the spilito- 
‘ bombs’ increase in size and number, the rock l)ecoine8 indistin- 
guishable from an ordinary spilite-flow. When W'eathered. tluj 
rounded outlines of the spilite-* bombs ’ contnist strongly wdth the 
roughened angular appearance of the ashy matri.x, I'his rock is 
not easily found in situ ; but numerous blocks are scattere<I on the 
southern slopes of the Nant-Cerdin Valley, and have lanm built 
into the wall which crosses that valley from north to south 
map, PL II). Farther north, the er.ig.s luarked I) on the map 
exhibit other examples of spilite-breccia. It i.^ interesting to note 
that a very similar rock has been described from «Iei*sey : ^ theix* 
again the breccia passes gradually upwards into true lava -flows. 

Equally curious is the rock wdiich constitutes the core of the 
anticline on the north, forming the eentml ridge of Car Cwiiu 
The main mass of the rock presents a distinctive appeamnee ; it i» 
dark greenksh-grey, with numerous black s|x»cks almitt 1/H inch 
in diameter. These si^ecks represent vesicles in li lied with a dark 
chloritic material. The base of this rock is not seen, and its 
relations with the overlying IhhIs are not easily detemiineil. It 
seems, however, to become more vesictilar in the \tpper part, and to 
pass gradually upwards into typical pillow-lavas. There is thus a 
fringe of typical pillowy spilites and interbedded cherts suiroundr 
ing the centml mass, which I regard as the massive lower part of 
the spilite -Ho w'. 

^ * The Ordovician Silurian Hooks of the Kilbride FeidiiiiiJa (Mmiwo} * 
Q. jr.a. S. vol. Ixviii (1»12) p. 75. 

® T. G. Bcmney A C. A, l^isin. * On the so-called Spilites of Jersey * Oeol.. 

p. 
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{(1') The Hardened Mudstones, etc. 

The spilites ai’o succeeded hy a somewhat variahle group of 
sediments. The main part of the division seems to consist of 
hardened mudstones with several bands of flinty ‘ hornstone ’ 
and ashes. Murchison states that the 

* RcluKt ... is silicified or in the state of hornstone, highly translucent at the 
edges, of a scaly fracture and dark-grey colour with cloudy streaks, as if 
formeil by an imperfect sepiwation of homXdende. Other varieties are black 
Lydian stones, ringing under the liammor, and splitting with a fine eonchoidal 
fracture ; some of them containijig a number of bright metallic spots, probably 
of oxide of iron.’ The Silurian System ’ vol. i, 1850, p. 344.) 

The softer sediments are so mi'cly seen that one is apt to ignore 
their existence, es])ecially as the bands of * hornstone ’ and ash are 
often well exposed. On the north several such bands can be traced 
and mapped, but the arrangement is more irregular in the south. 
Hard grit-bands also occur, especially in the south. A feature of 
great interest is the occurrence, about 30 or 40 feet from the top 
of the group, of an ashy impure limestone, whicfh weathers on the 
stu’face to a typical * rotten-stone such as one sees in the Llan- 
deilian near Llaudeilo. In the fresh rock it is practically 
impossible to distinguish any fossils ; hut in the weathered rock 
almndant traces of fragmenhiry bmehiopods, crinoid-ossicles, and 
other remains are visible. The only determinations which have 
been at all jossiblo include 

Orihiti elegtiniu.ld (Y) Dalmau. Cyetid- plates. 

Orihiif vmperiilio (Y) J, do C. Soworby. Bryozoa. 

Jlajineaqttina sp. (F). 

Kxposxircs may ])e typically seen at the point marked ID on the 
ina]) ( PI. 1 1 ), and blocks i)ccur scattered over the surface in a 
variety of situations. 

The grapt<ditic horizons which occur both below and above 
this group indicate an age equivalent to that of the Mydrim- 
Limestone division of the Dicrano^qmpYus Shales of South Wales. 
In this connexion the oceuiTcnce of a rotten stone so far north is 
antercsting, as the whole horizon is a calcareous one in the south. 

(^) The Upper Ashes. 

Most of the hard bands in the succession form marked featees, 
and this is esjKscially true of the Upper Ashes. The lower part of 
the division consist iti the south of a bed of coarse ash some 
4f0 feet thick. On the west it dips away from the centre of the 
anticline at an angle of about 4i5°, and forms a conspicuous crag 
north of the liiver Irfon, about 300 yards south-east of Llanwrtyd 
Church. It can also be traced south of the river, as a tree-covered 
escarpment, which gradually becomes less conspicuous as the dip 
decreases and one approaches the centi’e of the strongly-pitching 
anticline. A considerable area of the summit and eastern slopes 
of the southern range of hiUs (Gam Bwad) consists of these ashes. 
.Actually the slopes of the hill are largely the dip-slopes of the 



lower beds of these Ui) 3 >er Ashes. Heattere<l ubaut the stuiiiiiit 
and eastei*n slopes one sees numerous tlat-tt)ppe<l erags, rising above 
the general slope like crumbling eustles ; tla^se are remnants of 
the middle and upj^er beds of tht< I'piao* Ashes. 8ueh 
may he seen at the points H Sc J marked on ihv map (PL If), 
The Uj>j>er Ashes (excluding the higher beds ileserilted below) 
consist for the greater jxirt of coarse ashes, in places uhnnst a 
breecia. They may be dark, but frequently are n dirty wliite; 
tins seems to be clue to agencies otlnu* than weatliering. ^ 'Fhe 
coarse ashes are not wtdl developcil in the northern part id’ tlu; 
area, and their jdaee is taken by tine ashes i>r hy ^ hi»rnstones/ 

Tlie coarse ashes pass upwards into a consjaeuously-ltanded rtn'k, 
which consists of tine ashy material. Oeeasionally one may tind 
little bombs — an incdi or so in diameter --whieh have tlropped inti^ 
the soft ashj^ bed, and caused a puckering of the otlnnwise <»v«fn 
layers. This rock has bet*n (piarricil in sevenil places for local 
building-stone. It may Ihj massive; hut it is more ofttut idea vcd* 
and splits easily into slabs about half an inch thick. 

In the upper part of these banded ashes - wliadi an* about 12 to 
14 feet thick — bands of hard black shale occur. The latter have 
yielded fairly numerous graptolites, iiudiuling tl»t following : 

Dendroid graptolites. Olyiitograptiin tm’fiiium'.uhni var. 

Dicellograptus ned-tann Hall. nkeahttt Kilos A Wood, 

Dicellogmptuft mvtnntt var, e.rilU 
Elies & Woo<I, 

The graptolitic horizon may pn>perly be regai*deft as otHUirring 
in the highest jnirt of the iJpjjer Aslies, for it is HUwcH*dt*il by a 
thin band of ashes, and then by the great mass of slates. 

Although only one of the sjwjeies Just mentione<l is Found also* 
at the lower fossiliferous horizon, the two faunas may la» coiisi<lere<l 
together, as the species occur in association and ui'e chumcttudslie 
of a single horizon elsewhere. The list from the two horizons; 
namely, Just below the spilites and at the top of the lJpl>er Ashes,, 
includes the following species ; — 

XHeranogruptm roetw Hopkmson. 

XHceUograptus aexiarn Hall. 

XHeellograpttis asxtans yar. aaaii* 

EHes & Wood, 

Lap- 

wortti. 

Miss G. L. lilies remarks that this assemblage ss chameteristio 
of the higher part of the Glenkiln Shales of Scotland — the aone of 
Biorano^raftuz reotm. If one studies the faunas of the Bicrano- 
graptm Shales of South Wales, it is found that three divisiom 
can be separated : the lower one of the Hendre Shales, the middle 
one of the Mydrim Limestone, and the upper one of the Mydrim 
Shalesd The officers of the Geological Survey enumerate twelve 

^ * Tha Oeok^y of the South Wales Ck>aM«ld, pt. xi t Tbs Oswatev memmi: 
^Tsxfordwsst IC^xp Siurv. 1914, p, 37, 


AmpUjeaympiuM perexraraiim Ijap* 
worth. 

Qlypiograptm imr^imwenluM var* 
mecahm KUss A Woml. 
8iphxmotr0ta micttla M*Coy« 



l>an} IJ TiiNEOUS AND ASSOCTATEJD MOCKS OF liLANWMTYD. 

species as coinuion or reacliing their iiiaxiiuum degree o£ ahundance 
in the Mydrini Limestane.'^ The Llanwrtyd fauna includes no 
less than live of these species. Moreover, only one of the Llanwrtyd 
species (^Amplej^of/rapiitit 'pftrtwctnHttus, of which but one specimen 
was discovei'ed) is found at all commonly at any other horizon in 
fcsouth Wales. We are, therefore, le<l to the conclusion that the 
graptolitic horizons are homotaxial with the Mydrim 
Limestone. This conclusion is further borne out, as we have 
mentioned above, by the occurrence of ashy limestones. Since the 
spilites and the Upper Ashes occur between the two graptolitic 
horizons, it follows that they are of the age of the Mydrim Lime- 
stone ; while the Lower Ashes, if not of the same age, cannot be 
much earlier. 

For the sake of convenience, the Geological Survey memoir has 
iachided the Mydrim Limestone and the Mydrim Shales in the 
I Jala (Garadoeian) ; but the remark is made therein that the true 
junction between the Llandeilian (Glenkiln) and the Garadoeian 
(Hartfell) should be drawn somewhere in tlie Mydrim Shales.® 
Prof. W. W. Watts draws tlie boundary between the Mydrim 
Limestone and the Mydrini Shales, including the former in the 
Llandeilian.'^ According to the Geological Survey classification, 
the Llanwrtyd igneous rocks come at the base of the Gara- 
docian ; according to i^rof. Watts’s classification, at the top of the 
Llandeilian ; and according to Miss Elles’s classification,'* towards 
the u])per part of the Llandeilian (Glenkiln). 

C/*) The Black Slates. 

The Upper Ashes arc succeeded by a huge thickness of mono- 
tonous dark slates, nmch contoi*ted and cleaved. These beds form 
the bills all round the igneous mass. A eonsidemble search has 
resulted only in the discovery of indeterminable fragments of 
graptolites of Diplograptid tyjw. Some grit-bands occur in the 
slates at cerbiin horizons. 

(y) The Intrusion. 

The main anticline is Iw^unded on the western side by a great 
fault, which must have a downthrow to the west, since it cuts ofE 
jmrt of the Upper Ashes. Along the lino of this fault, and 
apimrently on its western side, there is a curious intrusion. 
Unfortunately, it 1ms not been possible to determine the exact field 
relationships * of this rock; it may be intruded into the Black 
Slates at an unknown distsince above the Upper Ashes, or it may 

* Mem. Oeol. Surv. 19 J 4, pp. 38-39. 

s ‘ The Geology of the South Wales Coalfield, pt. x s The Country around 
Carmarthen * Mem. Geol. Surv. 1909, p. 46. 

* * Handhuoh der B^onalen Geolc^e, rot iii, pt* 1 : The British Isles 
1917, pp. 79-78. 

* * The BelaMon of the Ordovioian & Silurian Bocks of Conway (North 
Wale#) ' Q, J. G. S. voL Hr (1909) p. 169. 



be intruded along the fault itself. There seems to he <mly one 
small }>iece of evidence that bears on this (juestion : liie faulting 
has been aceonipanied by a considerable amount t»f shattering and 
subsequent infilling of the cmeks hy (|uart/.. In some of tla* 
Mmrn stones ’ near the fault are riddled with small quartz- veins. 
Now, the intrusion is also affected by this qnariz-veining to some 
extent: consequently, if it was intruded along llu* faulty it was 
afterwards subjected to shattering ainl quart z-veining dm* t<» 
renewed movement along the fault-line. In the field the intrusion 
has a curious pateliy appearance on a small scab*, and also evliihits 
a rough How-structure. This a[*peai*ancf* lt‘<i me to name the ro4*k 
' mixture-voek ’ in the field ; hut its hybrid natitrt‘ has n<it h*eii 
borne out by detailed examination. Tlie intrusion is seen in some 
crags about 100 yards south-east of I^‘n-y-bane Farm : it h the 
^ gx’eenstone ’ of Murchison. 


As our main object in this investigation was to dtdermine the 
horizon of the volcanic rocks, the iqiper slates and shales were not 
examined in detail; but one further point may he menti«»ned. 
There are shown on the 1-inch tleologieal Survey map twt» narrow 
outcrops of ‘ fels|»ithic trap,’ occurring about a mile ivest f»f the 
main mass and striking in the same <lin‘ctio«. These were visitetl 
by one of us (S. W. W,), who found that tiny weiv in reality 
quartzose conglomerates absolutely unlike anything seen in the 
main mass. l\)ssibly the occummee of \vhit<* f»f quarts 

caused these to be confused with the l^pp<‘r Ashes, wliieh some- 
times show white s|>ecks due to angular fmgments of fels|«u* or 
rhyolite. There seem to be several bands of couglomerati* ; judging 
by surface-features, the principal one extends Isith north- north- 
eastwards and south-south-w'estwards. It must occupy a p<wition 
many hundreds, or perhaps thousands, of feet aliove ilte |T|i|ier 
Ashes. 

There is a little evidence for considering this main eongloincmtc 
as the base of the Valentian. It agrees in elm meter with th«^ 
Oerig-Gwynion Grit of Rhayader^ on the north-north-east, and 
with the Shon-Nieholas Conglomerate and Pen-y-ddinas CIrit at 
Llansawel on the south-west. The two last-named gnta liave 
already been correlated with the Cerig-Qwynion Grit hy Miss H, 
Drew & Miss I, L. Slater,* The outcrop of the grit west of 
Llanwrbyd, if prolonged, would |^ss into that of the Certg-Owyiiion 
Grit of Rhayader and of the grits of the Llansawel district, and 
surtace-features tend to show that such a prolongation does 
actually occur. 

^ H. IiApworth, * The SUariau Sequence of Ehajader ’ Q, JT, 0. S, vol. Ivi 
<1900) p. 9S, 

* * Hotes on the Geology of the District around Xianiiiawel (CSamarthess- ' 
hhire) ' Ibid, vob Ixvi <1910) p. 402, 
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(4) Description of Typical Sections. 

By far the most important and complete section is seen on 
t*aeh side of the deep valley of the Nant Cerdin, whicli cuts right 
across tlie anticline about a mile and a half north of Llainvrtyd 
“Wells. Owing to the pronounced pitch of the anticline — or rather 
dome-™-at its nortliern and soutliern ends, the other two streams 
which cut across the anticline only expose the higher beds. The 
streams arc respectively the itiver Jrfon on the south (where the 
main anticline lias a strong southward pitch), and the Nant 
Owm-du on the north (where the northward pitch is equally well 
marked). 


(«) The Valley of the Nant Cerdin. 

As mentioned above, it is only in the deep valley of the Nant 
Cerdin that some of the low^er beds of the Llanwrtyd sequence are 
exposed. The transverse section of the anticline (fig. 3, p. 30) is 
taken a short distance south of, and pai'allel to, the valley, and one 
may regaixl the section as a diagiummatic view of the arrangement 
of the beds on the southern slope of the valley. The sequence of 
rocks in the centre of the anticline is shown in greater detail in 
lig. 1 (]). 20). A fence ^ runs across the valley from north to south, 
coinciding almost exactly %vith the axis of the fold, and the section 
has been taken very nearly along this line. On the north of the 
stream the exposures occur in a little gully a few yards east of the 
fence, and it is here that one sees the dark gra])tolitic shales 
yielding DicranoffrtqjftiSy etc. On the southern side the exposures 
are generally a few yards west of the fence. On each side of the 
valley, but jmrticularly on the southern flank, the various hard 
hands form sparsely covered features, while the intervening shales 
are grass-covered slopes. When standing on the opposite slope 
of the valley, one is able easily to distinguish the anticlinal 
structure by means of these hard hands. The detailed section is 
as follows I — 


Ap'proaaimaie thick'- 
nes8 in feet„ 

i Coarse rhyolitic ash, frequently whitish by 1 
5. Upper Ashes j alteration or weathoring, forming- isolated !• 40 

I tumps or crags near the crest of the hill. J 


4. Hardened Mud- 
stones, eto. 


''Not expose<l, presumably shales. 
Band of ashy limestone. 

Not exposed, presumably shales. 
Band of fairly coarse ashes. 

•< Not exposed, presumably shales. 
Band of very dne ashes. 

Shales <20 feet). 

Band of very fine ashes. 

[Black Shales (50 feet). 


- X60 

/ 


* A wall on the lower ground 



Section aaoss the Nant Cerdin Valley from North to South. 






ynitru i.j is*.'* .ViMi jtut’KN <ii*’ j^IjA .n » K'l'Ti l>. 


A )iqmf.viniatH th tcA*- 
iu'm in feeL 

"SpilitoH Mhowing’ typhiiil piII(>w-Htrnofciirt% ] 
with aHHt«nat«il «lu*rtM aii«l nHh<jH. ’i'ht> 
hitiur ar«* fn«[iumtly <juitn coarni), iait aro 
intiniat^jly aKHooiatcd with tiu-! lava. Ono 
can diMtiiiguiMh t%voiiowM in tht? upiM'r part, 

HOparatad hy a law f«at of awh. \ 

Spilito-l>r«tnna (M(a» al>ovo, p. 20). Tho ImmIh [ 
oxptwMi in tho gnliy on tlio nortii at thin 
horizon mmu to 1 m) inontly anhoM, but tho t 
Kpilitc}>ii<avH aro houii l)oth on thc^ aiiHt and ' 
on tlio wowt only about 150 yar<lM in oaoh 
oaBd. 

"Not oxpoMcwl on tho Houthorn sitlo. On tho j 
north they oonsint of hard, black, tmcloavcd | 
mudHtonoH with foRwilH in tho upper part |‘ 
(IHcmnograptuH). J 

OoarHO aHhoB and breccia, paHwing down into j 
a ooarHO breccia of rhyolitic appearance. ( 

ThoHO form almowt vertical cliffs ou the f 
northern wide of the valley. j 

Fairly coarse ashes, with white fragnnmts of 

felspar in a groexiish matrix seen for 15* 

T«.tal 51 r> 

(A») The Valhiv of the River Irfon (iiortln'rii sidej- 

The section aen»ss the antielino shown in lig. 2 (p. JJi)) is takanr 
a short <listiince north of the valley of the Irfon, ami i*epix*sentH' 
fairly closely a view of tlie j’oeks t^xposetl on the northern Hank of 
the valley itself. The spilitt*s are the lowest beds seen, and form 
a somewhat ru^^ged cliff overlooking the river. The lower |>art 
consists of very large * pillows ’ — -s<nne measure more tlian 15 feet 
in diameter ; while the j>illovvs in the upper jmrt are smaller, ami 
more normal in »lze. The sediments which succeed tho spilitea 
are not clearly ex|)OKed, but seem to consist almost entirely of 
hard banded grits, tough hlocky mudstones, and indui’attKl shales- 
Some 40 feet below the summit a band of ashy limestone (or, when 
weathered, *rotttmstone ’) is found. It crops out in a tiny crag on 
tho west si<le of the hill, about 20 yards fnnn the conspicuous 
crags made by the Up}>er Ashes. Tho hitter are well cxjKised, and 
here dip at a high angle westwaj'ds. The suceceding batided ashes 
are better seen on the eastern side of the hill. Tliey are exposed 
in the quarry marked on the map (PI. II), where one finds the 
hardened graptolitic shale yielding Dicelloffraptus^ etc., in the 
upper part. 

(c) The Valley of the Nant Cwm-du. 

The rooks specified below are exposed in the bed of the stream, 
and are also seen pitching northwards on the hifi-slope to the 
south:— 

Upper Ashes 


3. Spiiitos 


2. Shales 

f 

1. Lower AhIios 
and Breccia. 


ecwm ashes. 
Iftie ^hofustotse.* 
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Hardeiietl Mudstones 


f Shales, 

j Ashy liinestoxie, 
j Faiidy coarse a*^ht?s. 
; ‘ HomKtone.* 

; Shales. 

’^Fairly tine ashes. 


This section is of espoeiul interest, since it ex]>oses \\m >.liiiles 
between the hard bands of ash and * hornstont*.’ in this wav it 
tills in the ga))s in the first section, it is to he note<l tliat tine 
‘hornstonc’ partly re])hices the eoai'se i>eds t»f the r}jpi‘r Allies. 
The jointing of the rocks is well seen in the bed of tin* streu!n. 


(^0 (Quarry west of >fant-(iwyn Farm (east side 
of the anticlin<‘). 


Upper Ashes 


{ Blind of coarse ash 

Fine banded ash, well cl<*av*»<l .. 
Beddeil ash, with large fraginontK 
Coarse ash 


st^cn f(»r a feet. 
. foi-t. 

2 feet, 

seen for <1 feet. 


The puckering (in some cases due to the pi*e8ence of a little 
volcanic l)omb) in the bedding-planes of the banded ash is inter- 
esting and well .shown. 


(5) Structure and Scenery of the District* 

The structure and the scenery of the Llanwrtyd area are so 
closely connected that it seems advantageous to (!on.si<!er them to- 
gether. Speaking broadly, there is an important anticline running 
from north-north-east to south-south- west in CVmtml \Valc.s, known 
by^ the name of the Towy Anticline.^ Its axis })Uksck from the 
neighbourhood of Carmarthen eastwards along the Vale of Towy 
to near Llandovery ; thence it passes in a more northerly «lircctioh 
through the Sugar Ijoaf to Llanwrtyd and to the east of Hhayader. 
It is this anticline which brings up the igneous rocks of Llaiiwrty«L 
. The igneous^ rocks have pmved more re.si.stant to weaiheritig 
than the overlying slates, and hence occupy ai^ elevated ridge rising 
to over 1600 feet. The surface of this ridge, es|H?eiaIly In the 
southern paid:, is roughly the dip-slo^ie of the Upiier Ashes. Tlie 
covering of the Upjier Ashes has, however, lieen pierced by the 
agents of denudation, and slightly older lieds are exfiosed in places. 
In some cases, as mentioned above, isolated remnants of the Upper 
Ashes have been left, and present a very curious appearance, 
Murchison says that 

upper parts and summits of these hills exhibit numberleiis rueKed 
irregular bosses of trap, sometimes carrying tip fragments of altered or 
indurated schist The Silurian System ’ vol. i, 1889, p, 844.) 

Tlie core of the northern of the mnge (known as Car Cwm) 
consists pf the spilites. 

^ ' P* ‘ Oeologioal Stmeture of Central Wales 4b tie Adkiliilng 

Begions Q. J. C. S. voL IxvSH (1912) p. 328. 
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part 1] luMOirs akb associateb kocics oe blanwrttb. 

''Ilic urea ef igneous roeks is bounded on the west by a great 
fault. The direction of the fault is not quite parallel to the axis, 
of the fold, wherefore in tlie north it cuts off a considerable part 
of the western limb of the fold : this is readily apparent from 
the map (PI. II). The course of the fault is well marked topo- 
graphically. In the south it occupies a deep, narrow, straight 
valley in the n<»rthern slope of the hill known us Banc Glyn 
Gyrnant. It skirts the eastern side of the valley of the Ii-fon near 
Llanwrtyd, and probably detex'mines the direction of the river at 
this point. Near the intrusive mass it crosses higher gro\iud (by 
Pen-y-bane Farm), but on the north again gives rise to a deep- 
gnlly north-east of Pen-y-banc. The contorted I’ocks in this gully 
are described and figured in ‘The Silurian System’ (p. 344 & 
figs. 62, 04). Farther north it gives rise to the little rift- valley 
(Nant-y-Glo) north-east of Nant-yr-odyn Farm (seen in the- 
distiinee in fig. 04 of ‘The Silurian System’). 

''Fhe anticline of Llanwrtyd is, however, complicated hy a series 
of folds which cross it almost at right angles, and cause a pro- 
nounced pitch ill the north and south. More correctly, therefore, 
the igneous rocks are arxiinged in an elongated dome. The surface- 
of the ground in the noi’tli follows the northward pitch in such 
wise that the ridge of Car Cwm sinks rapidly from 1(500 to about 
OOO feet. At the southeim end of the ridge the southward pitch is. 
even moi'e marked. The outcrop of the lJp]>er Ashes drops fi*om 
a level of 1300 feet at this point to about 800 (near the Well Bath- 
Houses) in a distance of less than half a mile. It is possible that 
this ])itch is nmre a.pj)ux*ent than real, as one must boar in mind 
the possible existence of an eiist-and-west fault in the valley of the 
Irfon immediately west of Llanwi'tyd Wells. Some transverse 
faults fronx west-nox'th-west to east-south-east certainly do oceux" 
in the district ; but they are of small throw, as shown on the map 
(PI. II). Some minor folding and faulting north of the transverse 
valley of the Nant Cerdin has given rise to a subsidiary dome-like- 
structure east of Nant-yi'-odyn Fann. 

One of the most stinking features of the district is undoubtedly 
the <lee]> valley of the Nant Cerdin, which outs the I’ange in two. 
The origin of this valley is not readily apparent. It does not seem 
to be detennined by a lino of faulting ; it is more ]>robable that- 
the Cex'din stream was deflected fx’om its xiorth-and-south course 
by the resistant intrusive mass on the south. 

The close relationship between the present contours and the- 
folding of the strata will be at once seen from the sections, 
(figs. 2 3, p. 30). 

(6)' Comparison with other Areas. 

It was at one time customary to regard the Ordovician igneous, 
rocks of Wales as forming, for the^ greater part, two sei'ies : a lower- 
series ranging in age from Arenig to Llanvim, and occasionally 
lasting until Lower Glenkiln (Lkndeilo) times; and an upper- 





BE. STAMP AND ME. WOOLDEIDOE ON THE [voL Ixtix, 

series of Upper Glenkiln-Lower Hartfell (Bak) age. former 
iire widely distributed in Wales — tlirongbout th<.^ noiih -- Colder 
Idris, ^ the Arenigs,^ and southwards to Llandriiubal-Builtii ^ and 

Fig. 2. — Si'ctioii across the Llanwrfi^tl Anfirlhir (sec map, 

FI, IIc^j),^J7), 


C l24(r<).D, 



Fig. 'S . — Bedtion across the Llanwriyd Anticline (sac map, 
FLn^p. 26 ), 


!420 O.D. 
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Scales : Horiaontal, 6 inches = 1 mile. Vertical, 1 inch s= 440 feet, 
[The beds are numbered in accordance with the classihoation 
tabulated on p, 18.] 


* A. H. Cox & A. K. Wellfi, ‘ The Ordovician SeqaencfO in the Cader Idris 
Biatriot (Merioneth) ’ Bep, Brit. Aaaoo. (Maaoheater, 1015) p, 424. 

* W. 0. Fearnaides, * On the Geology of Arenig Fawr A Moel Djfiiaiii' 
'0. J.O.S. Toh Ixi (1905) p. 608. 

' « H. Woods, ‘The Xgneoua Books of the Neighbourhood of Bullih* jfMd. 
Tol. 1 (1894) p. 566. 
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Puinl)rokeshire.^ The latter, so far as known at present, appear 
more restricted in their distribution, and are best known in the 
<Jador-Idris and Snowdon districts. 

It was natural to suppose that the Llaiiwrtyd rocks were of the 
mine age as those at liiiilth and belonging to tlie lower series. 
We have shown, how^ever, that the Llanwi’tyd rocks are of Ui^i^er 
•Glenkilu (Lower Bala) age: that is, contemporaneous with the 
Mydrim Limestone of 8ontli Wales. Now, the Snowdonian 
Yoleanic Series i*ests conformably on beds yielding an Upper 
Ulenkiln fauna, ^ and is overlain by beds containing large Uiplo- 
which indicate a very low horizon in the Hai’tfell (Bala).® 
The volcanic rocks in the liala country occupy a similar position. 
Miss G. L. Ulles informs me that they are immediately overlain 
by shales which yield exactly the same fauna as the beds 
•overlying the igneous series of Llanwrtyd. In the Bala country, 
as at Llanwrtyd, the fossiliferous horizon is succeeded by a great 
thickness of unfossiliferous black slates and shales. The evidence 
is, therefore, conclusive, that the Llanwrtyd igneous rocks 
are of the same age as the Upper Series of Snowdonia, 
•Cader Idris, and the Bala country. 

The pi’esenco of the remarkable * spilite-breccia,’ as well as the 
rhyolitic tlow-breccia, at Llanwrtyd seems to indicate that the 
centre of effusion of the rocks was not far dishint. It may have 
formed an isolated centre of eruption on the sea-floor in Upper 
Llanduilo to Lower Bala times. 

I am permitted, by the kiiidness of Prof. A. H. Cox, to give 
some further details of correlation with the series in the Llan- 
drindod-Kuilth area. The southern part of this area was investi- 
gated hy Mr. H. Woods in 1804, and he came to the conclusion 
that the igneous rocks were, for the greater part, pre-Lower 
Llandeilo in age. i)r. II. Hicks, in the course of the discussion on 
the paper, stated that he had concluded that the contemporaneous 
volcanic rocks wore quite at the base of the Llandeilo Series and 
mainly associattid with the Llanvirn Beds — as in Pembrokeshire and 
North Wales. The latter opinion has been confirmed by Prof. Cox, 
who informs me that the volcanic series includes typical spilites, 
that it rests xipon beds yielding l^idymograpius and is* 

•overlain by deposits of Llandeilo age ^uelding Ogygift bucliL 

The existence of two volcanic cycles in the Oi^dovician of Wales 
is thus confirmed by the presence of representatives of the two 
•series in the Builth and Llanwrtyd districts respectively. The 
suggested correlation of the Llanwrtyd rocks is shown in the 
■appended table (p. 32). 

* A. H, Cox, * The Geology of tha IXifltriot between Abereiddy and Aber- 
oastle (Pembrokeshire) » Q. J. 0. S. rob IxrL (1915-16) p. 273. 

s W. 0, Peamsides, * G^logyin the Field* Jubilee Vol. 0eol. Asboo. (1910) 
p. 798. 

» 0. L. ISllee, Q. X 0. S. vol. Irv (1909) p. 198. 
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(7) Conclusion, 

When this investigation was nearly complete, we exhibited a 
series of specimens from Llanvvrtyd at the conversazione of the 
Geologists’ Association in November 1920. We learnt then that 
Mr. W. Le Lacheur, F.G.S., had for several years been interested 
in the district, and had exaiuincKl petrographically most of the 
rocdc-types. Mr. Le Laclieur had, therefore, a prior claim to 
}>ubHsh the iv^'iults of his work, and we wish to record our sincere 
ajipreciation of his great kindness in allowing us to pviblish this 
paper. Not only has he allowed us access to his collection of 
rocks and .slides, but he has also placed at our disposal the results 
of his own observations in the field. 

We also wish to express our thanks to Miss G-. L. Elies for the 
determination of the graptolites ; to Prof. A. H. Cox for valu- 
able suggestions and for reading part of the manuscript ; and to 
Mr. A. K. Wells for reading the manuscript, and for helpful 
criticism. 


Paet II. pETBOGRAmircAD. (By S. W. W.) 

(1) Introduction, 

It may he stated at the outset that the dominant feature of the 
igneous rocks which are here descj’ibed is the almost universal 
occurrence of alhite. All the rocks, with the exception of the 
Pen-y-banc intrusion, belong to the spilite-keratophyre series as 
defined by Mr, H. Dewey & Dr. J. S. Elett.i The lavas are 
essentially albite-bearing rocks, the Upper Ashes resemble quartz- 
keratophyres in composition, while the other pyroclastic rocks of 
the series have, without exception, spilitic affinities. 

Prof. A. H. Cox® has noted the predominance of pyroclastic rocks 
among those of spilitic composition, and the LlanwHyd district 
affords yet another example of this feature, which may be cor- 
related with high viscosity of the magma. 

The occurrence of spilitic rocks at the horizon defined above 
(p, 31) is interesting; but remarks on this matter may be deferred 
until the petrography of the rocks has been outlined. 

The descriptions follow the stratigraphical order of the rocks. 

(2) The Lower Ashes aiid Breccias. 

The features presented by these rocks in the field have already 
been noted (p. 18). Microscopical examination of the typical rock 
shows that it consists of fragments, orMnalljjr glassy, set in a 
silicified matrix which presents a flinty or felsitic appearance. 

» Geol. Mag. 1911, pp. 202, 241, 

* lEtep. 33rit, Assoo. (Bmainghaia, 191S) p. 497. 

Q, J. 0. S. No, 818. » 
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Devitriiication has everywhere aifected the fnij|ttients, hut tije 
original character is ofteii indicated by well-developed perlitie 
cracking, in other fragments, ecnnmonly of a slightly greenish 
hue, minute feLspar-erystals may be distinguished ; hut tlieir nature 
is much obscured by the greenish deeom|K>sition«|»rodui*ts of the 
glass. A llow-strueture is generally apparent, autl the rock from 
which the fragiuents were derivetl was 2>rt)hahly a iine-grained 
spilitc. A 2H>int of some intere.st is the tran.siliou in one fjugnient 
from a fniD-grainetl sinlito (as tlescribed alanv) to a true piTlitjc 
1‘ock. We appear here to have evidence of a spilite-glass, which in 
j)laces carrieil felsjaar-microlites and in others dcveloptsl perlitie 
cracking (Pi. 1 , tig* 1 ). The fragments eommonly show a smooth 
or rounded outlinti. They are accompanied hy a few greatly- 
altered feis|)ar-erystals. 

The iH)pearancc of these rocks in the liehl jus titles the use i>f 
the a|)[)ellation * rhyolitic * or * felsitic,’ wliile the perlitie ti*xture is 
further suggestive of such a nature. We have shown that this 
same material 2)as.ses intt) a rock of spilitic appearanet*; Imt it must 
be admitted that the composition of the felspar is indeterminable, 
^further, it is unlikely that analysis would afford any coiicdtisivo 
evidence of the atHnities of the rock, since the original com|)ositton 
has been radically changed. 

Whether the rock is. a tiow-breccia or not, it is difliciilt to 
determine. The contrast between rock-fragment and matrix 
seems too pronounced to reconcile with autobrecciation ; yet an 
absence of that mixture of rock-types which would pridiahly result 
from explosion is significant. The original glassy nature of the 
fragments points to raj>id cooling or to high pi'cssure, while the 
absence of marked vesicularity is a j>oint of some intere.st as 
possibly indicating high pressure. Vesicular glass is certainly a 
charaoteristio explosion-product, but it a]>pears more likely that 
a non-vesicular glass would be £orme<l during submarine eruptions, 
where the pressure of the superincuml)ent watt?r-colunin hel|>e<l 
to imprison the fluxes. Now, Mr. J. P. N. (Ireen * eousidors aiito- 
breeciation to be a submarine featurti ; hence wo may ptsrhaps 
take the characters of the glass as indicative of submarine flow- 
breeciation. 

It may be pointed out, however, that no definite conclusion as 
to the origin of the rock is possible in the absence of wider 
exposures. The horizontal extent of the breccias would clearly 
have a most important hearing on the question ; but this cannot ^ 
-determined, since the rocks are exposed only in the cor© of the 
anticline. 

(3) The Spilite- Breccias and Spihtes. 

The spilite-breccias occurring below the flows seem to be of 
somewhat local distribution, and, so far as the rather poor exposures 
show, are better developed on the south of the Nant-Cerdtn Valley 
than on the north. 

* ‘The Vidcanioity of the Lake Distaiot* JProo. Oeoh Assos. rot xxx 
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The iiingo in size of the spilitc-hlocks as seen in the hand- 
specimen has already been noted. The larger blocks are identical 
with the rock of the flows above. Under the microscope much 
smaller fragments arc to bo seen, mixed with a few pieces of felsitic 
rock and many broken quartz- and fels]>ar-erystiils. All these are 
set in a murky brownish-black matrix, probably decomposed glass- 
dust, but now quite unresolvable. 

While the spilite-fnigments compare in general characters with 
the lavas described below (p. 30), significant differences are not 
wanting. It is iniporhint to note, for instance, that a good flow- 
structure is common in the smaller fragments, but absent in the 
spilitii-flows. This points to a much lower viscosity, and suggests 
that the fmgments were derived from a rock which crystallized in 
the deeper parts of some vent, where conditions of flow were 
accompanied by that retention of fluxes which commonly charac- 
terizes the hypabyssal and j)lutonic phases. As against this, how- 
ever, is the fact that the spilite-fragments are decidedly of finer 
grain than the overlying lavas, a fact not easily reconciled with 
high flux-content and crystallization at relatively great depth. 
Mox*eover, not a few of the fragments show a remarkable develop- 
ment of small chlorite- filled vesicles. These vesicles make up at 
least 50 ]>er cent, by volume, of the rock, and impart to it a quite 
remarkable appearance. This, again, ixoints to high gaseous content 
and uniform pressure ; but the fragments in question can hai'dly 
have crystallized under the same conditions as those showing good 
flow-structures, which are generally non- vesicular. 

The fragments are cither ragged in outline (when non-vesicular), 
or they exhibit beautiful bogen-struktur with the very charac- 
teristic concave outlines of broken vesicles (PL I, fig. 2). 

Secondary rearrangement of the matrix has 2 >roduced peculiar 
spherical bodies which ])reRent a pisolitic appearance. Cex'tain 
crystal-tuffs, described by Dr. Herbert H. Thomas from the Lower 
Llanvirn Beds of the Oarmaithen area, show this feature. A 
possible phosi>hatie composition is suggested.^ 

Mr. 0. I. Gardiner <fc Prof. S. H. Keynolds, in their paper 
quoted above (p, 20) come to no decision as to whether the spilite- 
broccia which they describe is a flow-breccia or an explosion- 
product. There seems little doubt that the Llanwrtyd rock is of 
the latter nature : that is, it is an agglomerate. There is, as we 
have noted, considerable variation in the nature of the spilite- 
fragments. Mr. J. P. N. Green ^ has remarked, with reference to 
the autobrecciation of a submarine lava, that the 

* mixed mass . . . will form an intricate mixture of blocks, differing slightly 
In vesicularity, orystalliaation, proportion of phenooryste, etc., cemented by 
similar material.* 

In this case the variation in the blocks is more than slight, and 

1 ‘ The <3teology of the South Wales Coalfield, pt. x : The Country around 
Carmarthen * Mem. GeoL 8urv 1909, p. 85. 

* Proo. Gfeol. Assoc. toI. xxx (1919) p. 161. 
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x^c!j.jjLttULiiig-maTjerxai in no way similar. Further, if bogon- 
struktur is of any value whatever as a pyroclastic criterion, the 
nature of the rock is determined beyond doubt. In any ease, the 
limited lateral extent of the bed and the admixture of broken 
crystals must be considered significant, and there can bo little 
doubt that the breccias mark the site of one or more vents. 

The spilites present no very unusual features. The nonniil 
lavas, occurring in pillows, are pale grey- green vesicular rocks, 
invariably weathering brown. Under the microsco]>e the rock is 
seen to he composed, in the main, of a number of felspar-laths ; 
there is little or no sign of fluxional disposition, which points to a 
high viscosity in the magma. This absence of 11 uxion -structure 
has been observed elsewhere in rocks of the spilite-keratophyre 
suite.i 

We follow Dr. F. H. Hatch® in restricting tlie term ‘pyrt)- 
clastic’ to explosion-products. Dr. Alfred Harker seems to include 
flow-breccias under this term.^ 

{There seems to be some difference of emphasis in recent 
logical writings, in relating the volume of a tuff to the propeHies 
of the magma. Prof. A. H. Cox (see p. 33) thinks it probable 
that the massive tuffs of spilitic series are due to high viscosity of 
the magma. He quotes Dr. H. H, Thomas (see above), as stilting 
that the keratophyres of Skomer Island show an absence of 
fluxion-structure which suggests high viscosity. It is to be noted, 
however, that Dr. Thomas emphasizes the rarity of pyroebistie 
rocks in the Skomer Series, which thus appears to be tin exception 
to a rule that certainly holds in many Welsh localities. Furtlier, 
it is interesting to note that Weinschenk states explicitly ^ that 
the amount of associated tuff depends on the gaseous content of 
the magma — ‘the more gas, the more dust-like material hurhjd 
forth by its escape.’ High gaseous content, however, should lower- 
the viscosity of the magma.] 

On the whole, the rocks are of even grain, although some might 
be described as microporphyritic. There are, moreover, occasional 
true phenocrysts, as well as glomeroporphyritic groups of felspar- 
crystals. 

The rocks differ from certain typical spilites (for example, those 
of Pentire Point and many from Merioneth) in being relatively 
coarse. The felspars are not, on the whole, mierolitic, and they 
are somewhat wanting in the bifurcating and swallow-tail aspect 
so characteristic of the felspars of these rocks in geneml. In some 
cases, indeed, the tenn ‘ andesitic ’ would not 1^ a misnomer in 

1 See H. H. Thomas, Q. X O*. S. vol. Ixvii (1911) p. 195. 

® ‘ Text-Book of Petrology : the Igneous Books * 1914, p, 291* 

» ‘Petrology for Students’ 1908, p* 277. 

^ ‘Fundamental Principles of Petrology’ English transl. by lohiwmsenK 
p. 43* 



regard t(“> their stiaieture, but the composition of the felspar makes 
it unsuitable. It is true that felspar-microlites do occur in the 
interspaces, but they seem to be due to the devitrihoatioii of an 
interstitial glass, a view supported by the occurrence of patches 
i»£ a true luieinditic spilite, difPering markedly in texture from the 
mass of the ro<!k. 

iMost of the f(‘lspar apjwjars to bealbite giving extinction-angles 
in symm(‘trically-cut sccthms ranging from 10° to 16°, and having 
a refractive imlex below that of balsam, Carlsbad twinning is 
common, and certain laths giving straight extinction are probably 
orthoclase. The felspar is, on the whole, fresh, although signs of 
inci])ient alteration to a kaolin-like substance are not wanting, 

Filling the spaces between the felspars is a brownish murky 
substance, wliich presumably arises from the decomposition of in- 
terstitial glass. In some cases it appears to be aggregated into 
s}^ots, and it is also associated with granules of eiirbonates, impart- 
ing to them a dusty ajppearance. 

Ir<^n-ores, both primary (magnetite) and secondary (pju’ites), 
occur. 

No unaltered ferroinagnesiaii mineral occurs in those rocks. 
Oertain chloritic patches fi'inged with iron-ore are ]>rohably pseudo- 
niorphs after some basic mineiul. The iron-ore seems to have 
separated from the chlorite, whence it may be inferred that the 
original mineral liacl a high iron-content. It may be pointed out, 
iiowever, that neither byptjrstbene nor even amblystegite contains 
enongb iron to yield the excess which tins implies, assuming that 
the chlorite is intermediate in composition between amesite and 
serpentine. The s(dvage of iron-ore is in general regular, and does 
not vary much in width with the size of the chlorife-area. These 
areas show two varieties of the mineral: the central parts are 
occupied by a chlorite of fibrous nature, sub-radiate in arrange- 
ment and possessing a relatively high birefringence. Adjacent 
to the iron-ore x*im is a zone of chlorite wliich i.s nearly isotj'oino : 
this zone may represent an aim from which the surplus ix’on has 
been extimited. 

Vesicles ai*e of various kinds. Some are filled with fibrous 
-chlorite, others, es|)eeially the larger, with caleite. Many, how- 
-ever, have a narrow boixlor of chlorite, the interior being filled with 
•calcittv as is the nonnal arrangement in the (kirnish spilites. Still 
others are filled in the main with calcite, which encloses xxxunded 
aggregates of chlorite. The px'csence of the latter suggests that 
tlie post- volcanic periods of chloritic and calcitic deposition were 
not always distinct and successive, hut may have alternated and 
overlapp^. In a few cases, a rim of seeondaiy water-clear albite 
intervenes between the margin of the vesicle and the chlonte. 

A further point of interest as regards the vesicles is the common 
•occurrence of an encimling zone of dark spilite. The latter differs 
from normal spilite in containing fewer mioroHtes, and in its 
more advanced stage of decomposition. The relation of the dark 



peripheral area to the normal vesicle varies : in some cases it forms 
a mere selvage, in others is observed a large circular patch of dark 
material in which are set a number of rounded areas of cal cite 
and chlorite. It appears most likely that this eifect is due to the 
corrosive action of the liquid filling the vesicle on its walls. This 
liquid may well have been alkaline, and the local leaching action,, 
coupled with the replacement of lime by soda, doubtless con- 
tributed to the calcite-infilling of the vesicles.^ A conspicuous 
feature is the tangential arrangement of felspar-latlis on the ouicr 
edge of the areas of dark spilite (PI. I, fig. 3). 

Before leaving the subject, we may remark that, if a corrosive 
liquid he accepted as an adequate exj^lanation of the dark spilile- 
rims, then we may suspect that much of the murky alteration- 
product of the ground-mass owes its origin to a similar action nuire 
widely diffused. This gains support from the fact that the degree 
of alteration bears no obvious relation to the degree of surface- 
weathering of the rock. 

Cases in which the still fluid lava has ruptured a vesicle- wall,, 
and partly infilled it, have been obseiwed® (PI. T, Hg. 4). 

We may note, in concluding the account of the normal spilites, 
that a slide showing the junction of a lava with associated chert 
revealed a somewhat unexpected feature. Wisps and strings of 
spilite are seen to he included in the chei’t, and scattered fels|>ar- 
laths occur throughout the latter. It seems clear from this that 
the chert does not represent material deposited in the interspaces 
of the pillows subsequent to cooling, but rather that it is sediment 
which was involved in the rolling action of the pillows during 
eruption. 

The lavas which form the centre of Car Cwm do not exhibit the 
‘pillow ’ habit ; but they do not' differ in microstinicture from the 
rocks described above. That they were once vesicular is apparent 
on microscopical examination; the fact is, however, to some exteiit 
concealed by the extreme alteration which has taken place. In 
most cases, these rocks are little more than a mass of secondary 
nainerals. One slide shows a fmsher rock, and serves definitely to 
link the massive spilites with the normal pillowy type. 

(4) The Tuff-Bands in the Hardened Mudstones. 

Tuff-bands of varying thickness occur throughout this division. 
The majority are fine-grained black rocks weathering white (as so 
clearly described by Murchison), and they are very similar to the 
homstone facies of the Upper Ashes ; for that reason, they will 
not he separately described. 

Certain coarser bands occur, however, and these are of greater 
interest. Two types will be considered — 

1 Se« J. P. N. Green, Proo. Geol. Assoc, vol. xxx (1910) p. 177, 

Harker, * The Tertiary Igneous Books of Skye ’ Mem. Oeol. Snrr. 
1004, pp. 381, 342, 300-401. 



{a) The first type comes from a horizon not far above the 
Bpilites. It is a well-bedded rook intermediate in character between 
the crystal-tnifs and the litliic tutfs, as defined by L. Y. Pirsson.^ 
It consists of a number of small fragments, many not exceeding 
1 mm. in diameter, of an ill-deli ned felsitic character, mixed with 
many felspar-crysbils, complete or fragmental, and a few qnartz- 
gmins. The fmgments are in close juxtaposition, only a little 
argillaceous material intervening. Home few ar^e vesicular, and an 
occasional spilitic fragment may be found. It is remarkable that 
the underlying lavas have contributed so little to the rock, which 
would appear to have been derived from a relatively acid magma. 

(J)) The second type forms a fairly constant band at a horizon 
just below the Asliy Limestone, it is a beautiful example of a 
lithic tufF, as defined by Pirsson. it is chiefly composed of 
fragments of spilite in close juxtaposition. The fragments were 
aj)parently once glassy, and, as in the Lower Breccias already 
described, the decomposition-products of the glass tend to obscure 
the felspar-laths. 

Pilling the angular sjmces between the fragments is a some- 
what remarkable substance, which appears at first sight to be a 
vesicular caleite : that is, calcite-urcas dotted over with small 
chloritc-lilled vesicles. This seems to be a case of the almost 
complete calc i Ilea tion of a vesicular glass. 

The rock moreover caxTies small pisolitic bodies as described in 
the spilite-breccias, and a fragment of an echinoderm-plato was 
also found. 


(6) The Upper Ashes. 

These beds weather like typical ashes, and compare closely in 
hand-specimens with the finer parts of the Cefn-Hir Ashes recently 
described from North Wales.® Under the microscope, the rocks are 
very similar t<^ ashes from the Lower Acid Series of the same 
authors.® 

The rocks are of thoroughly acid composition, and consist of a 
number of large crystals (some broken) of quartz and felspar, set 
in a silicified matrix which may be described as felsitic. In places, 
however, the allothigenons fragments of quartz and felspar in the 
matrix are larger, and it is then possible to distinguish them from 
secondary quartz-granules, and to recognize their angular and 
unworn character and the clastic appearance which they impart to 
the rock. This matrix must, before consolidation, have been of 
the nature of an unsorted volcanic sand. 

Turning now to the larger constituents, we may note that, while 
the quartz is commonly angular, this is not a universal feature, and 

* Amer. JTotira. Soi. ser. 4, vol. xl (1915) p. 103. 

* A. H. Cox h A. K. Wells, Q, X G. S. voh Ixxvi (1020-21) p. 278, 

* Bep. Brit. Assoo. (Hanohester, 1915) p. 424, 
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rounded grains are frequently to be found. Mucli of the qua Hz 
is traversed by curved fractures. In some cases a ervstiil has Im'cii 
broken in place along such fmctures, and the fragnuuits sejnirateil 
by matrix. Since the rock is extensively silieilied, it may bo 
possible to refer this shattering to strains set uj) during tlie crystal- 
lization of the secondary quai-tz, or alternatively to the sotting of 
a siliceous gel. The quartz-grains show beautiful secondary f>ut- 
growths as a result of the silicification. 

Before leaving the subject of the larger quartz-grains, it may be 
well to refer at greater length to the curved f natures mentituied 
above, which give rise to concave outlines. Despite a soim‘what 
loose current usage, we cannot apply the terms bogen-st ruk lur 
or asohen-struktur in this case. These terms, inimNluetMl !>y 
O. Mugge,^ seem to have been used explicitly l\v him with r4d‘in*- 
ence to the concave fragments produced by the breaking-up of 
glassy vesicular rocks. Moreover, Pirsson, by ]>roposing to sub- 
stitute the term vitro clastic, which is self-explanatory, clearly 
recognizes the difference between the concave otiilint* <»f a bridctni 
vesicle and cpnchoidal fracture.^ At the same time, it tloes appt‘ar 
that these curved fractures are especially common in tuffs. Many 
cases of perfectly sti*aight fractures have l>een observed in tnu4 
rhyolites, although the exact mechanical differences whicdi deter- 
mine the formation of a stmight or a curved fracture} are diilicult 
to define. It is necessary to recall in this connexion that l*rof. 
W. W. Watts s proved, many yeare ago, that true p(?rlitic cnicka 
could be formed in the quartz-phenocrysts of a porphyritu; pitch- 
stone. 

A further interesting feature of the fiuaHz-fmgmenis is lh*» 
frequent occurrence of the * resorption-inlets ’ so commonly seen 
in rhyolites (PL I, fig. 5). Prof. A. If. (V>x has (h*scribetl a 
similar feature in the tuffs of Abereiddy Bay,'^ and Dr. d. S. Fleit 
describes examples from the quartz-kenitophyro luffs of D(*von.‘'' 

The felspar-crystals attain a greater size than do those of 
They are almost invariably altered to an opaque substance, proltahly 
of the nature of kaolin, which outlines the cleavages and covers 
the surfaces generally. A few flakes of Hecondary mica art} 
occasionally developed. 

While sometimes showing good fonn, the felspar frefiuenily 
presents the appearance of having been brecciated in place like the 
quartz. Angular pieces are seen to surround some larger fmgknent» 
and their outlines show clearly that they once fonned jmrt tif it. 

Most of the felspar is undoubtedly albite, and some of it seeme 

^ Neues Jahrb. Beilage-Band vlii (1808) p, 648. 

« Amer. Jonm. Sox. ser. 4, vol. xl (1916) p. 198* 

^ Q. X G. S. vol. 1 (1894) p. SG^. 

* Ibid, vol. Ixjd (1915-16) pp. 298 ei segg. 

^ ‘ The Geology of the Oottntry arotmd Newtem Abbot * Mem* GsoL SNxrr* 
191% p. 68, 
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i(leiiti(*al with the ‘ ehe<jner-alhite ’ o£ F, Becke ; this variety is also 
found in the Devon <j[uartz-kur.*iio])]iyre tuffs.'^ Tlie effeet under 
<‘ro.ssed nicols is due to the s|)littiiig-u]> into a nuinher of small 
2 ’eiJta.nguIjir jiatehijs, liali: of wliieli extinguish siniultaneously. 
Becke suppos(*<l the struetiire to he secondary,” and, in supjjort of 
this surmise, we ituiy note that in these rocks ‘ chequering ’ some- 
t.imes aiTeets the jjeri]>hery of a crystal only. 

hidic^aiions of a. niicropegmatitie fringe can bo seen round 
etndain of the felspars — a feature refenible to the devitrification of 
the original inatri.N ])rior to silieification. 

In acldiiion to crystals of (piartz and felspar there are bombs of 
iine-grained spilitic material, as well as puuiiceous fragments the 
vt‘si(des of wliicdi havo ])een pulled out into long tubes and filled 
with secondary (piartz. Among the smaller recognizable consti- 
tuents are crystals of zircon, often associated with iron-ore. The 
^ Lower Acid ’ tuffs of the Oadcr-Tdris district also show this 
feature. 

It thus appears that these rocks com])are closely with those 
<lescrib<.*d as quartz-keratophyre tuffs in other districts, the resem- 
blance extending even to points of minor detail. 

Banded ashes occur, as alrea(\y stated (p. 22), on the eastern 
side of (him Dwad, following upon the coarser keratophyrie ashes 
just ilescrihed. There is some sign of passage between them and 
the rocks heloAV. 

A typical example .shows, under tlie microscope, a succession of 
bands, not very clearly delined, ranging in thieknes.s from mm. 
to less than 1 mm. The darker hands seemingly owe their colour 
to mugiudite-dust, which defines the bedding-planes to some 
<?.xtent. 

(lenemlly speaking, the rock is a fine-grained aggregate of quartz 
and felsjmr showing local chloritic and Hmonitic staining. Calcite 
is abundantly distributed, e8j)ecially in the paler bands. The 
quartz is angular, and full of inclusions. The felspars retain in 
general a latli-shape, and, although it is not possible to measure 
•extinction-angles in such small fragments, the refractive index is 
below that of balsam in most cases. Thus these rocks agree with 
their associates in bein^ predominantly albitic. 

The fine-grained facies of the Upper Ashes, to which the term 
horn stone or halloflinta is applied, appears to compare in 
many respects with the * china-stone ashes ’ which are so widely 
distributed in the Llanvirn Beds, as at Hope Dingle, Abereiddj 
Bay, and in the Dolgelly district. The white weathering is very 
<5liamcteri8tic. Under the microscope, the rocks are seen to he 
admost identical with the Ynys-Castell Ashes, as described by 
Prof. A. H, Cox. 

^ Mem. Surr. 191$, p, $8. 

» Benksohr. K. Akad. Wisaeasoh. Wiaa, vol. Ixxt <1913) p. 128. 
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(6) The Intrusion, 

The absence of intrusive types associated with th<.‘ suite of rocks 
exposed atLlanwrtyd is rather remarkable. In many her Welsh 
localities where spilitic rocks occur, ‘diabases ’ of varying atlinities 
are very abundant. The only xbck in the LItinwrty<l district for 
which an intrusive origin is suggested is that exj^osed over a limited 
area near Pen-y-banc Farm. As already stated, no intrusive 
contacts can be seen, but the lenticular shapt! of the mass is 
suggestive, and makes it improbable that the nick is a lava. 

The rock was described by Murchison as a * greenstone,' and it.«i 
general aj^jiearance is in accord with such a nanu^ riuhu* the 
microscope, the rock is seen to be eompos(‘d of a mnulHir of 
chlorite- and bastite-pseudomorphs after olivine, set in a gniuud- 
mass of felspar-laths and gmnular augite. 

The felspar ajxpears to be albite, but it lacks that fn*sh - almost 
primary — character of the felspar seen iii the spilites, and is clearly 
the pi'oduct of a secondary change. 

The augite is pale green to colourless. Some few grains are 
relatively idiomorj^hic, but many are shaptdt‘ss. llie jaitehy 
appearance of the rock in the hand-.spueimen fji. 24) seems to lie 
due to the irregular gmuping of the augite-granules. 

A few grains of a dark-brown strongly-pU*oehnuc hornblende 
also occur. It has many of the characters of barkevikltc, 1ml it» 
extinction -angles are too high for that mineml. Its optical sign 
is positive, and it appeam to be identical with the ininenil descrilanl 
by Dr. Herbert H. Thomas from the niarloesiteH <»f Hkonier Island,^ 
and by Dr. A. Hai*ker from the inugearites of Skye.® It is cer- 
tainly secondary after augite in some eases. 

The pseudomorphs after olivine present rather iinustia! characters. 
In some cases, the original mineral has l>een replaced by a green 
chlorite which is nearly isotropic. Tlie characteristic sha|>e of the 
olivine is often preserved, and the arcuate alteration-cracks (such as 
are seen in normal serpentinous pseudomorphs) are very apparent 
(PL I, fig, 6). Other pseudomorphs present some of the characters 
of bastite ; they are green and pleochroic, with a relatively high 
birefringence and a well-marked cleavage. 

Scattered through the ground -mass are large plates of ilmenite, 
altering to secon&ry sphene. They are sometimes |ienetmted by 
felspar-laths in a subophitic manner, ScapoHte also occurs in 
fair quant%, and presumably contains the lime set free during 
albitization. 

Since the rock seemed to be related to some of the Bkomer- 
Island types, slides were submitted to Br, H, H. Thomas, who 
kindly informed me that the rock compared in some respects with 
the marloesites of that locality. In his opinbn» it was best 

^ Q. I, <^: S. Tol. IxTii (1911) p. 198. 

« 3Rock» c€Skye’ Mm. (ML Bmr. p, m 
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described as an albitized olivine- basalt. He also compared 
it with (jertain djkes in the pre-Cambrian rocks of Pembrokeshire' 
described by hiiu.^ 

The age of the intrusion is unknown, [Evidence has beeu 
brought forward (p. 24) which indicates that it preceded the- 
formation of the w'estexni boundary-fault. This fault is later than- 
the folding, since it truncates the northern end of the anticline. 
The latter structure is a])proximately Caledonian in trend. Farthei*- 
than this it is not possible to go. 

(7) Summary and Conclusions. 

The igneous rocks exposed at Llanwrtyd Wells are predominantly 
pyroclastic in nature, while their composition places them in the 
spilite-keratophyro series almost without exception. There is a 
noteworthy absence of intrusive rocks. 

The succession begins with * rhyolitic ’ breccias the exact nature- 
and composition of which are luther in doubt. While not ex- 
cluding the possibility of their being tlow'-breccias, we have taken 
the available evidence as indicating a probable agglomeratic- 
nature. 

The spilite-breccias which occur at the base of the flows are 
certainly of explosive origin. They pass gradually upwards into* 
spilites which arc true a I bite-bearing rocks. A normal pillowy 
facies can be distinguished from a massive non-pillowy type. 

The spilites ai*c succeeded by a considerable thickness of 
sediments, in which occur bands of halleflinta and of crystal-tufB p 
while at the top of the sei*ies is a good development of quartz- 
fcemtophyre tiiflF.s. 

The close resemblance betw^cen some of the pyroclastic types 
described, and those of other areas differing widely in horizon, tends 
to emphasize the tmity and genetic individuality of the spilite- 
korat<jphyre suite. 

The I^en-y-hanc intrusion is a somewhat peculiar rock. It has 
l)een pxssibfe to compare it with the marleosites of Skomer Island 
and with certtiin pre-Camhrian dykes in Pembrokeshire. Its age 
is unknown, and it falls apart from the rest of the series, its only 
point of affinity with these x’oeks being the pi*eseiiee of alhite. 

It may bo remarked, in conclusion, that it is interesting to find 
spilitio rocks so high in the Ordovician sequence. Dr. Hax*ker has 
indicated in his recent address to the Geological Scxciety ^ that 
Liandeilo times witnessed a change in the stress conditions, which 
eitectod a genera! replacement of spilites by andesites. He notes 
instances, however, of the persistence of the spilitic type, as on 
the summit of Cader Idris. The Llanwrtyd district affords another 
instance of this persistence ; the sequence here is closely j^rallel 

» H. H. Thojaas M O. T. JTones, Q. J.O.S. vol. Irnfl (XaiS) pp. 889-90. 

* Q. X a.S. voh Ixxm iim-lB) p. Ixrn. 
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to that on Cacler Idris, as appears from tlie correlation-tablo 
<p. 32). 

I wish to express my very great indebtedness to Mi% A. K. 
Wells for much help and encoui’agement during my work. I have 
further to thank him for the photomicrographs wdiich illustrate* 
this paper. My thanks are also due to Prof. W. (jrordf)n for 
critically reading the manuscript, and to Dr. H. H. Thomas 
for examining slides of the intrusion and advising me as to its 
affinities. I also desire to associate myself with my co-author in 
the thanks expressed to Mr. W. J. he Laeheur, to whom 1 am 
especially indebted for the loan of microscope-slides. 


EXPLANATION OP PLATES I & II. 

Plate I. 

Pig. 1. ‘ Rhyolitio * breccia, showing passage in one fragment from a porlitic 
glass to a fine-grained spili-te : X 20. (See p. ti4.) 

2. Spilite-breocia, showing in the lower part of the field a highly vesi- 

cular spilite-fragment. Well-developed bogen-str uktur i» soon 
above : X 20. (See p. 35.) 

3. Spilite, showing vesicles surrotmded by dark spilitio rims, with tan- 

gentially arranged felspar-crystals : X 20. (See p. 37.) 

4. Vesicle in spilite- The wall has been ruptured, admitting the flui<l 

magma, and secondary albite is seen outlining the original vesicle- 
wall : X 20. (See p. 88.) 

5. Quartz-keratophyre tuff from the Upper Ashes, Embayed quartz- 

fragments are seen, with a felspar-crystal in the upper part of the 
field: X20. (Seep. 40.) 

6. Intrusion (alhitized olivine-basalt), A well-formed bastito-pseudo- 

morph after olivine in the centre of the field, with otliers in the 
lower part. Several large plates of ilmenite are seen enclosing the 
ends of felspar-laths subophitically. Eluxion-stnioturo is also well 
seen : X 20. (See p. 42.) 

Plate II. 

Oeologioal map of the neighbourhood of Llanwrtyd Wells, on the scale of 
3 inches to the mile, or 1 : 21,120. 


Discussion. 

Prof. A. H. Cox remarked on the great interest of the imper to 
him, since it dealt with an area so similar to, and yet so distant 
from, the Cader Idris district which he himself was examining. 
He had had the advantage, througli the Authors’ courtesy, of 
riding a pai't of the paper, and of examining many of their spe- 
ciimens. The correspondence between the rock-types of the two 
districts is truly remarkable, and all the more so since it was quite 
unexpected when the investigation was originally commenced* It 
was then naturally assumed that the Llanwrtyd rocks would corre- 
late with those in the adjoining Builth area. The proof now 
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broii^^bt forward tluit tlie Llanwi-tyd rocks are on a higher strati- 
graphif'iil level than those of Builth is an important step in the- 
elncidation of the history of vulcanism in Wales ; it gives further 
support to tlie s(K|uenee determined in the Cader-Idris area where 
fossils are not easily obtainable, and it raises intei’esting questions 
as to th(^ tnulorground extension of these rooks in the areas round 
Llanwidyd. Another remarkable point is the great thickness of 
the zonal de[)o,sits, even when due allowance is made for the- 
pr<‘Si*iu;e of volcanic rocks. In this respect also, the area allies, 
itself with the more distant Merionethshire regions, and ofers a 
strong contrast to the nearer Oarmarthen shire district, where the 
N4‘m(t(/rapftiii-(/racilis Zone is thin, and contains no suggestion) 
of the existence of volcanic activity. 

Ibj would draw attention to the dithculty caused, by the present 
want of agreement as to the exact delimitation of the Llandeilo- 
and Bala <x roups. This difficulty confronted all workers on the- 
Ordovieiun rocks of Wales, and led to undesirable and quite 
umu*cessary com] dication of the nomenclature. In view of the- 
itxij>ort4ince of the horizon, he thought that the Geological Society 
might well f3stablish a Committee which should consider the ques- 
lion, and lay down a ruling that subsequent writers could follow. 
He <li(l not know whether there was any precedent for such action, 
but its iulvanbiges seemed obvious. 

Miss G. L. KniiEs expressed the opinion that the horizon of the- 
rocks as indicated by the graptolites was rather later than that 
surmised by the Authors. She considered the absence of certain 
chamcteristic species as significant, the species recorded being 
those that commonly survived into beds at a higher horizon. She- 
regarded it as interesting that the assemblage recorded was identical 
with that in the black shales resting upon the Arenig Mountain 
VoIcnnuiH, which were the base of the I)ioranografi'us Slates of 
North Wales. 

In the Builth country there were two fossilifemus horizons above 
iho extrusive volcanic beds, the higher of which contained precisely 
tluj asBcmblago recorded hy the Authors from Llanwrtyd, These- 
were, however, cut and altered by the intrusive rocks, and if these- 
were to Ijc regarded as belonging to the same period (as seemed 
likely), it was hardly correct to say that the rocks of the Builth 
area were of Llanvirnian age. 

Dr. G. H. Flymen said that it w-as matter for comment that 
the vok?ani(3 siujuenco described by the Authors contained a lower* 
kemto]>hyric flow and axi upper spilitic outburst, the normal suc- 
cession being that of kemtophyric or rhyolitic rocks after spilitic 
i>r others of intermediate nature ; also, he would have expected 
the vesicular spilitos to overlie those of massive character. The 
Authors were to lie congratulated on registering a case where what 
miglit be called * conventional ’ volcanic activity was reversed. 

Mr. G. M. Past enquired whether there was any evidence to 
be obtained from the cnlorite-pseudomorphs,^ as to the nature of 
the original farromagnesian mineral of the spilites. 



Dr. L. D. Sti-MP, in replying, thanked Prof. Cox for his kind 
renaarks, and agreed that the thickening of the beds on the horizon 
■of the Mydrim Limestone, as one went northwards from South 
Wales, ^ was very interesting. Llanwrtyd occupied a position 
.approximately half-way between the South Wales exposures (where 
volcanic rocks are absent on this horizon) and Cador Idris (where 
'the volcanic rocks are so remarkably well developed). In reply to 
Miss Elies, he said that the correlation of the Llanwrtyd gnipto- 
litic horizons with the Mydi'im Limestone was based on the 
tabulated statements in the G-eological Survey Memoir on the 
Haverfordwest district. Only one of the Llanwrtyd species oc- 
•eurmd at all commonly on any other horizon in South Wales, 
while all the others are shown as attaining their maximum develop- 
ment in the Mydrim Limestone. With regard to Dr. Plymen’s 
remarks, it was difficult to make any useful suggestions without 
going more fully into the facts. 

Mr. S. W. WooiiDRiDGB, in answer to Mr. Pai-t^s fjnerv, 
described the occurrence of the chloritic pseudomorphs in detail; 
.but stated his inability to identify the ferromagnesian minenil 
«vhich had given rise to the chlorite. 
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Part 1. STRATiaRAPiiy, 

(A) Introduction. 

Shalbs-with-* Beef ’ ^ was the name given to some 70 feet of 
Lias on the Dorset coast, lying above (53) Table Ledge and below 
(70 a) the J^^VcAa-Tabular. The beds consist of paper-shales, 
marls, indurated bands, and limestone nodule-beds, with numerous, 

* W. D. Lang, Proo. Geol. Assoc, vol. xxv (1014) p. SIS. 



more or less impersistent, interbedded seams of fibrous caloite, 
called ‘ Beef ’ ^ by the Officers of the Gfeological Survey. 

Descending to the beach at Charmouth, and there forming reefs 
on the foreshore, the Shales-with-Beef are the most accessible Lias 
of that place. Yet they are, perhaps, the least known of all the 
beds. This is doubtless because of the generally’' unsjitisfactory 
condition of the fossils found in them, and their consequent worth- 
lessness on the one hand to the native, who finds no sale for such 
fragmentary and friable remains as the fossils present ; while, on 
the other hand, the geologist seldom finds specimens more than 
approximately identifiable, and generally obtains completely satis- 
factory examples from but three or four horizons. 

Sir Henry De la Beclie described the Lias of this coast nearly a 
century ago®; and, although he generally \inder-€Jsti mated their 
thickness, the subdivisions that he then made can be approximately 
correlated as follows, at any rate those live wdiich lie above tluj 
Blue Lias limestones : — 

(5) Irregular bed of Limestone, witli nodular concretions, frequently t;on- 
iaining ammonites ; 2 feet = Stellar ift beds (87-89). 

(4) Slaty marls, with several thin beds of indurated marl ; 07 feet Hlack 
Harl series above Bf»r?ii-Tabtilar and below Stellnris beds (77 *H8). 

(3) Slaty marls containing small crystals of selenite; 32 foot = Shales- 
with-Beef (54-76). 

(2) Indurated marl, containing small, plicated Terebratulm; 4 feet = Table 
Ledge (63). 

(1) Slaty marls ; 18 feet = Saurian shales, Fish-Bed, and Fish- Bed KhaloK 
(50-52). 

In 1860, when Thomas Wright described the Lowin’ Lias of 
this coast, he but briefly referred to the Shales-with-Beef as 

‘ thick beds of dark marls, which rest on the Table- bed, fonuetl by Broad 
Ledge. The lower part of these marls contain numerous compresHed Am- 
monites £^goceras Bircliii (Sowerby)] and layers of noilules forming dmiient- 
stones.* (Q. J. Q-. S. vol. xvi, p. 405 ; and Monogr. Pal. Soc. 1879, p, 49.) 

This lower division of Wright exactly corresponds with the hip- 
most 18 feet of the Shales-with-Beef. Thus the r>i) feet of stmta 
lying between Table Ledge and the beds with Mieroderocerm aro 
left undescribed. 

In his later account (1878-79, ‘Monogr, Lias AmmonitcH’ Pal, 
Soc. pp. 48-51) Wright again omits the greater part of the 
Shales-with-Beef ; for his * Thick Limestone, “ Broad Ledge ” ’ ai 
the top of his * A. turneri^ Zone (p. 48) is Table Ledge (5B) ; 
while his *Nut rocks’ at the bottom of his A, ohtmm Zone 
(p. 50) is the -B/reM-Nodular (75 a). 

^ H. B. Woodward, * The Jurassic Bocks of Britain, vol. iii s the Tiltm of 
England & Wales * Mem. Geol, Surv, 1893, p. 65. Applied by the workmen 
in the Purbeck district (and, probably, elsewhere) to seams of dbrons oolclte 
in the Purbeck Beds ; see W. Buokland & H. T. Be la Beche, Trans* Geol. Soo. 
ser. 2, vol. iv, pt. 1 (1835) p. 11 [I am indebted for this reference to I>r.F* L. 
Kitohin]. 

* Trans. Geol. Soc. ser. 2, vol, ii, pt. 1 (1826) p. 21 ; and * Beport on the 
Geology of Cornwall, Devon, &> West Somerset * 1889, p. 222. 
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In the Geological Survey Memoir of 1893 (‘Lias of England & 
Wales ’ pp. ()5-(i()), H. B. Woodward enumerates nine subdivisions 
of the vS hales- with- Beef, which I correlate as follows: — 

[9] " Firowtoiio Nodules or Birchii Bed. Hard irregular and nodular lime- 
stone or Cement- stone, with “beef’’ above and below. It forms one 
or two beds with iron-stained joints. Am. Birchii and clusters of 
small Ammonites ; 1 ft. 0 ins.’ = Birc7M’-Nodular and Bircltv Tabular, 
with the intervening paper- shales (75-70 a). 

[8] ‘ Bark shales with band of thin shaly limestone, and occasional nodules 
of limestone ; 10 ft.’ = 74 q-74 w. 

[7] ‘ Lenticular band of grey limestone with “ beef.” ’ = 74 p. 

rOl ‘Bark shales with thin band of limestone in places : [with 6 and 71 
15 ft.’=^74g-74o. 

[5] ‘ Interrupted band of limestone with “ beef,” ’=74 f. 

[4] ‘Bark shales and paper-shales, slightly calcareous and micaceous, 
with indurated bands and seams of “ beef.” Saurian remains ; 25 ft.' 
= 72b-74 e. 

[3] ‘ Marly cement-stone bed.’=Reef 19 (72 a). 

[2] ‘ Marly shales with iron-i)yrites, and thin conspicuous layer in the 
West Clift' known as the Black Bear j 25 ft.* = 54 a— 71 g. 

[1] ‘ Hard Marl or Table Ledge.’ = 53. 

In 1914,^ 1 further subdivided these beds, in order to collect 
from them in detail, hojjing thereby to obtain a faunal sequence 
snfHciently oomj)lete to afford a basis of correlation with the Lias 
of other areas. As the sequence a})peared most obvious on the 
reefs, and the best collecting-ground was there, I simply numbered 
the reefs, and (with the exception of Keefs 17, 19, 20, and Little 
Lodge) attem]3ted no correlation with the section on the cliff. 
Farther work has shown that the reefs are not quite in simple 
sequence, owing to two small faults which cause repetitions (see 
fig. 1, p. »50). Thus, Reef 8 is on the same horizon as Reef 10, 
and Reef 9 as Reefs 11 <fc 12. Also Reef 13 is repeated as Reef 15, 
and Reef 14 as Jteef 10. Therefoi*e, it has been necessary to re- 
adjust the numbers of the beds ; but, so far as possible, the original 
numbers have been retained, and further subdivisions indicated by 
adding a letter to the original number. Again, in the 25-inch 
map published in 1914, the individual reefs were but approximately 
marked. In the map (fig. 1) accompanying this paper their 
positions are more accurately indicated, with the faults ® and repe- 
titions, The ammonite fauna, too, was but superficially treated 
in the 1914 account, and only two important features stood out ; 
namely, the prevalence of Arnioceras in the lower part and the 
occurrence in Reef 17 of ammonites there referred to Goroniceraa^ 
but now recognized as A, alcinoe and allied species, and placed in 
a new genus, JE^ararniooeras Spath. 

* Proo. GeoL Aasoo. vol, xxv, pp. 814-16, 

* [The westernmost fault on the cliff is continuous with the line of fracture 
across the reefs shown on the map (fig. 1) j but it is possible that, on the reefs, 
the actual fault runs more directly out to sea. — W. B.L, November 
1932 ,] 

No, 318. 



Kg. of the lower part of the cliffy the heach, ani the foreshore^ immediately west of Ghamouth. 
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Since 1014, a great deal of material has been collected ; and it 
has been found desirable to subdivide the horizons still further, in 
<ji*der to arrive at a more exact faunal sec|uence. Moreover, the 
cliif -section immediately west of Charmouth has been correlated 
with the sequence on the reefs. Of course, it is not to be supposed 
iihat the minute subdivisions will be found farther along the cliff:, 
or even that the prominent beds at the Oharmouth end of the 
.section will necessarily persist as far as Lyme, or to the mile west 
of Lyme where the Shales- with- Beef occur ; the fauna alone will 
correlate horizon with horizon along the cliff-section,and at isolated 
exposures inland. But, until the faunal sequence is determined, 
this correlation cannot be made ; and, in order to find the faunal 
.sequence, it is necessary to subdivide a standard section minutely. 
The accessible western part of the outcrop has therefore been 
.selected for the purpose, and it is hoped that the reason given 
explains and excuses the subdivision of some 70 feet of shales into 
more than a hundred horizons. 

In 1917, Ml’. S. S, Buckman read a paper before this Society 
on the British Lias, in which he drew attention to the phenomenon 
called by him faunal repetition.^ In the same paper, Mr. J. W. 
Tutcher^ an ammonite sequence in the Bath—Radstock 

district, in Lias corresponding to that here described. His sequence, 
from below upwards, was A, sGipiouiamtSf A, sazirzeamta^ A. turneri 
[JjJu hirGhi\, differing from Buckman’s sequence ^ in the last two 
terms j for Mr. Buckman puts A. turner i above M, hirchi. Thanks 
to the researches of Hr. L. F. Spatli, who has kindly examined 
my ammonite material from these beds, and contributes a palss- 
ontological part to this pa])er, it has been j^ossible generally to 
correlate the horizons of the Shales-with-Beef with the three top- 
most horizons in the Bath~liad stock area just mentioned. The 
correlation is as follows: — Horizon of A. sauzeamcs (53) 
Table Ledge to 70 e; 3£. hirchi^74ig’-7^ \ and A. turner i^7^z>. 
Thus the beds from 70 f to 74f are not represented in the Bath- 
Jtadstock area. It is true that in Dorset there is a faunal repeti- 
tion ^ of Ariefites : thus, there is a lower Arietite fauna in 73 & 
74 d, below the AT, hirchi horizon ; and an almost exactly parallel 
Arietite fauna, including the time A. turiieri^ in 76a <fc 70b, above 
the M, horizon. But the specimens of A. turneri on which 

Mr* Tu teller founded his sequence, and on the exact field-relation 

1 Q. J. a. S. Yol. Ixxiii (1917-18) p. 267. 

^ In S. B. Buokman, op. ciU p. 279. Mr. Tutolier does not add M* hirchi to 
th© top of his sequence. It is evident, however, that he did not suppose that 
M, hirchi came between his A, aauxeanum and A, tumeric but that it was 
later than A, tumeri. 

* Op. cit. p, 277. 

* In these beds faunal repetition is also seen in the Schloiheimia I8ulci~ 
jferites Spath] fauna associated with the lower ArieiitBs ; in the OoronicBras’ 
like forms IPararniocerm Spath] in the P.^alcinoe bed ; in the reappearance 
of AgetBBiceraa above Table Jjedge (63), and of Armoeeras above the Brooki 
Bed. 



of which to M, hirclii he is (I understand) not ahsolntely deter- 
mined, appear to represent the upper Arietite fauna. ^ 

What are probably other important stnitigraplucal results em- 
bodied in the present paper are (1) the unexpected ]>osition of 
A., hvoolci^'y (2) the recognition of one distinct horizon 
at the base, and another at some 20 feet from the top of th«i 
seiies ; (rS) the presence of a very low ^Uplirrocrraa ; ( V) the 
discovery (due to Dr. Spath) of the horizon of ammonites of tluJ 
A,-plotti group ; (5) the appearance of a [ Spatli | 

fauna at the lower Arietite horizon ; (G) the tindiiig of a new 
genus, JPararnioceras [Spath], containing many s])ecies, some 
new, and confined to the inch-thick bed 70 c ; and (7) the dis- 
covery of an abundant A^assieeras fauna below the l-^aranno^ 
ceras horizon. . 


My thanks are due to Mr. Robert Clark, of Lyme, who .showtHl 
me the Jroo^'f-horizoii ; to Dr. L. F. Spath, who contributes 
Part II of this paper, for much help with the ammonites ; to 
Mr. J. W. Tutcher for kindly lending me ammonites from the 
Bath-Badstock area, for comparison with the Ghannouth fonns • 
to Dr. A. E. Trueman for identifying some of the lamellihranchs • 
to Mr. W. A. Richardson (who contributes Part III) and to 
Mr. W. Campbell Smith, M.C., for help witli the rocks and 
minerals; to Mr. A. Reeley for help in the field; lastly, to my 
wife, for constant help in the field and encouragement at home. ’ 


(B) Nomenclature of Rock- Forms. 

Before considering in detail the Shales- with- Beef, it is desimhie 
to explain the terms used in describing the I’ock-forms. 

(1) Beef. — Fibrous calcium carbonate, always .showing cone- 
in-cone structure, even if only on a microscopic scale. Seams <»f 
all thicknesses occur, from about 1/lG inch to somt^ 4 inches. 
Generally speaking, the thicker the seam, the more obvious is 
the cone-in-cone struct\ire ; but it is possible to note cmjspicfUouB 
cone-in-cone stmeture in a very thin seam. Seams exceeding 
2 inches in thickness, however, always show conc-in-cone stnicture 
clearly. ^ seams are double, and the cones of each layer inter- 
penetrate at the junction. Naturally, such layers do not readily 
separate. Sometimes, however, one layer is very thin and, apiui- 
rently, may temporarily thin out altogether. Further, such two- 


1 At my request, Mr. Tutober very kindly sent to B 

for exammation, as well as much Agassiceras material. Tbankn tn 

help, we have been able to compare the Dorset with the Bath-3Efci^toik 

speoimens. 

* This is given in an addendtun- and 0OTrig8ndnta*slip to Dr A. 

Davies’s ‘ fcfcoduotion to PalKontology ’ 1920. On disooverisr tfa* SS 
:^d, I urged Dr. Davies to correct on the drst opportunity tte 
A. hrooSt as lutherto supposed and as given in hit teri-bookTMld ttdt Wdid 
as ]U8t stated. The exact position of the bed, however, imd of ^ 
bounmg sequence is here given for the first time. “wgn-- 
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layered seams from about 1/2 inch thick, and thicker, are themselves 
often doubles each half being separated by a thin line of marl, and 
the cones of each half do not appreciably interpenetrate. Such 
fourfold seams readily separate at the middle, and white, crushed, 
and powdery remains of small ammonites often occur between the 
halves. The thin intervening film of marl may localh" thicken 
into a lenticle of indurated and highly calcified marl, or even into 
a nodule of impure limestone, in which case the beef -seam appeal’s 
in section to split and enwrap the nodule, which thus has an upper 
and a lower jacket of beet (75 a, JB^V<^7^?^!Nodular, and see 73g, 
PI. IV, fig. 2). In some cases (as, for examine, 73 a, the lower 
nodulo-bed of lleef 20), tlie lower layer of beef fails to enwrap 
the nodule, thinning out altogether on its sides. Sometimes, as 
in 74 a (Little Ledge), the large upper and lower beef, instead 
■of enwmpping lenticles of calcified marl, enclose layer upon layer 
of beef with occasional filmy inarl-pai’tings. Sometimes beef more 
than 1/4 inch thick is seen to have replaced a small ammonite- 
shell. The ornament of the shell is then seen to aj:)pear on both 
the upper and the lower surfaces of the beef, showing that the 
beef takes up much more vertical room than the substance which 
at has rejalaced. 

(2) Paper-shale, or laminated shale. — Brownish marl, 
])(}or in calcium cai’bonate, splitting along the bedding-planes into 
very thin, paper-like lamime. The surface of each lamina is 
genemlly coated with granular ciystals of selenite. Paper-shales 
appear to originate only as a product of weathering, since the 
farfher that they are followed from the surface, the less is selenite 
present, and the less is the lamination developed. 

(3) Bedded marl. — Bluish marl, which weathers along the 
bedding-planes ; hut if it splits into thin lamime, like paper-shale, 
it does not, apparently, develop selenite between the lamina^ and 
is blue mther than brown. 

(4) Cone hold a 1 marl. — Pale bluish marl, weathering into 
larger or smaller conohoidal masses, instead of along the bedding- 
planes, which may, however, often be seen. It is paler than 
the bedded marl and, presumably, more calcareous; at any rate, 
more so than the paj)er-sha]e. It suggests (passing as it does into 
bedded marl, on the one hand, and into indurated marl, on the 
other) a beginning of segi'egation of calcium carbonate towards 
ctMitres around which concentric lines of weakness develop, causing 
the marl to split into polygonal blocks with cuiwed sides. 

(5) Indurated marl. — As, for example, (71a) Beef 18 and 
(72a) Keef 19. An intermediate stage between ooncboidal marl 
and labular limestone. It is paler and harder than the former, 
softer than the latter, and weathers into couchoidal blocks. 

(6) Tabular limestone. — A further calcification of an in- 
Aura^ nmrl, passing into it above and below. The core of (53'1 
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Table Ledge is almost a tabular limestone ; but the best examples 
are the typical limestones of the Blue Lias below. A tabular 
limestone may become lenticular or even nodular when followi'd 
laterally. The J5^V^^7^^‘-tabular (76a) is a lenticular r>r semi- 
nodular tabular. 

(7) Lent ides and nodules. — Lenticular and spherical 
masses of calcareous marl or impure limestone, genemlly showing 
bedding-planes. In the marls they usually pass by more or less 
rapid gradations ii^to the surrounding marl ; in th<^ paper-shales 
they are generally sepamted from the surrounding .shak*s liy a 
jacket of beef. The JBroo/ci Bed (74 d) is a prt>niinent exception 
to the last statement. 

(8) Septarian nodules. — ^Nodules showing wide radial and 
concentric cmcks, the sides of which are lined with crystalliiK* 
oalcite. 

(9) Friable marl. — Impure blackish marl of a gmnular 
texture, hardly showing bedding, and breaking easily, crunihlingly, 
and * short,’ much as shortbread does. 

(10) Putty -marl. — Streaks, len tides, and small nodules of 
very pale yellowish or pinkish marl, genemlly associated with 
friable marl, but sometimes with conchoidal marl. 

(11) Short-rock. — ^An intimate mixture of coarse cone-in- 
oone beef and friable marl. 

(12) Besides the rock-forms already enumerated, sul])hide of 

iron occurs freely in the clays, generally in flat masses along 
bedding-planes, often on the upper and lower surfaces of a beef- 
seam, when it is generally much decomposed. Large clots of inin- 
sulphide occur in places on 76 a, the /-tabular. Calm* to 

occurs in veins in the limestones. Selenite has already been 
mentioned ; and barytes ^ is found in little, flat, cii’cular discs with 
radial structure, in the marls of 71 e (see p. 88). Finally, Iiydro- 
hsematite^ occurs, infilling the suture-line of a specimen of 
I^aramioceras aloinoe (Keynes), picked up in 1914 at the cHff- 
foot beneath the remains of the burning of 1908. 

(C) General Description. 

Lithieally, the Shales-with-Beef fall into two divisions. The 
upper division, some 30 feet thick, consists of paper-shales, is of a 
brown rather than blue colour, and has more numerous beef-seams 
than the lower division. Lenticles and nodules often have a jacket 
of beef. The lenticular (74 d) Broohi Bed, however, although 
occumng in the upper division, has no beef associated with it. 
The paper-shales are capped by the Birehi Bed. This is a double 
limestone, the upper being more tabular than nodular, and the 

1 Determinod by Mr. W. Campbell Smith, M.O., S©o.a.S. 
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lower consisting of large nodules (sometimes measuring 2 x f3 feet) 
surrounded by beef. The other limestones of this series are much 
thitmer and, except the JBrooki Bed, less persistent. The paper- 
shales are bounded beneath by (74 a) Little Ledge — limestone 
made up entirely of many layei’S of beef and marl-films. It is 
very brittle, and for many yards at a time is fractured and faulted 
for an inch or so, at intervals of about a foot, while the beds on 
each side of it merely dip. 

The lower division of the Shales- with-Beef, approximately 40 feet 
thick, and bounded below by (53) Table Ledge, and above by 
(74a) Little Ledge, consists mainly of blue conohoidal marls, with 
occasional blue bedded marls, indurated marls, nodule-beds, friable 
marls, and impei’sistent beef-seams in the upper 2>art ; and in the 
lower |)art of similar beds with frequent seams of beef and short- 
rock. Throughout, impersistent beef-seams are often associated 
with friable marl. The nodules (except the beds 73 a <fc 73 g of 
Keef 20) ai*e not enwraj^ped by beef. 

Palasontologically, the Shales-with-Beef may be divided into 
three main divisions: namely, an upper (18 feet) corresponding to 
the range of Microderoce}'as \ a middle division characterized by 
Arietites, Sidcijerites [Spath], and Arjiioceras, but no AgassU 
ceras ; and a lower division yielding ArnioGcras and Agassiceras, 
Only three bods of the upper division have yet yielded well- 
X^reserVed fossils : namely, at the toj^, the /-tabular, containing 

small specimens of M. hh^chi associated with JCipheroceras spp., 
Qgmhifea spp., and Avietites turner i ; a foot below this the ^irchi- 
nodular, containing large Microderoceras Mr chi, Arietites plotti, 
and allied forms ^ ; and a little lenticle-bed, occurring 9 feet lower, 
containing Cgmhiten and Arietites, sp. nov. 

The topmost ])art of the middle division contains a limestone 
full of Arnioceras hartmanni, often black. Below this is the 
Arietitesd)7'oo’k'i Bed, some 7 feet below which is a series of beds 
(about 8 feet thick) wherein Arnioceras is comjmratively rare, but 
Arietites and SuleiferiUs [Bpath] are abundant. 

t^ulciferifes sulcifer, S. sp, cf. dumortieri, and sj). cf. angmti- 
sulcatus follow from above downwards, and associated with them 
are three new species of Arietites ; hut moi’e collecting should be 
done before this sequence within the Sulciferites Beds can be 
considered proved. The lowest 11 feet of the middle division 
contain various species of Arnioceras, but no Arietites or 
Bulciferites ; and this probably marks the lowest limit of Oppel’s 
A,^oitu8US Zone (see his STuraformation ’ 1856, p. 52). ^ 

The upper pai*t of the lowest division yields Agassiceras hut 
lai^ely, is characterized by many species of Pararniocercts [Smth], 
and contains abundant Arnioceras. It noay be correlated witb 
Oppel’s * tubereulatm^l^ett.^ Below this are some 10 feet of marl 
yielding several forms of Arnioceras and Agassiceras, but no 

^ I have not yet found these ArUUUs of the group i» place ; hut 

occur (aa noticed hy Dr. Spath) speoimena associated with largo 
M* hirchi, and doubtless oame from this horizon* 



Fig. 2 . — Section of the loieerpart of the clifx immediately 
west of Ghar mouth. 



Teriieal scale ; 1 foot=0-:S inch. Wor 77 at the top of the tkM eolumn, 
read ‘ 76 b,’ and for 76, read ‘ 76 a.’] 
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Htriarh^s. A. nfriarieH^ on the other hand, is found 
in the 11 feet of marls below this, in association Avith other species 
of Ac/asaiceraa and Ar/uoc&nfft, I'he bottom 2 feet of the lowest 
division have not yielded A(/assif.('}*as (which, however, continues 
below the Shales- with-Beef), bat contain a peculiar new species of 
Aniioceras. l.'‘he three lowest horizons of the lower division 
correspond with the up]>er j)art of Opi)ers * Buckl a 

The following seheiuo summarizes the divisions hitherto de- 
scribed : — 

(9) Miovoilei'oce.i'aH horizon. 21^ feet. 74g‘-76a. Microderoceras hirchi, 
Cymbitea hPP*» Xi%>}wrooeTm AHetites tunieri at the extreme top. 
Microti eroc.eraa hirchi^ ArietUea plotH, and allied forms a foot down. 

(8) Arnioceras-hartmanni horizon. 5 feet. 74e-74f. Arnioceras harU 
mannif A. of. hartmanni, and A, of. %mtti near the top. 

(7) Arietit&H-hrooki bovizim. 1 foot. 74 0-74 d. Arietites hroohi. 

(6) Sulciferites [Spath] horizon. 13^ feet. 73 a-74 b. Arnioceras spp. 
common above, scarce below ; Arietites three si^p. nov., Sulciferites 
[Spathj sulcifeVt 8. cf. dunwrtieH, and 8. cf. augustisiclcatus in the 
lower part. 

(6) Horizon with Arnioceras spp., but no Arietites or Sulciferites. ll^feet. 
70f-72g. 

(4) Pararnioeeras horizon. 8 mches. 70 a— 70 e. Abundant Arnioceras 
and Pararnioceras (70 o) of several species. Ayasslceras occurs, if at 
all, but rarely. 

(3) Horizon yielding Arnioceras and Aynssicetras of varioiis species, but 
not Ayassiceras stria vies. feet. 02—69. 

(2) Horizon with Arnioceras and Ayassiceras of various species, including 
A, striaries. 11 feet 7 inches. 55-01. 

(1) Arnioceras sp. nov. horizon* 2 foot. 53-54. No Ayassiceras. 

(D) Detailed Description (fig. 2, p. 56). 

[Unless otherwise stated, the numbers after the name of a fossil are the 
register-numbers of specimens in Hr. W. H. Lang’s collootion. All such 
specimens will be transferred to the British Museum collection,] 

70 b. Paper-shales with AriGtitcs aft*. A. iiirneri ; 5287—97. 
Atic.vodcroceraH s]). ; 5209 -70. 

70 a. J2?/?Vf///-t5ihular.2 1 foot. An irregular taibular to 

lentictilar Hmeshme, often with large clots of iron- 
suljdiide sticking to its uj)per surface. JMicroderoceras 
hirchi, small specimens; 5019-20, 5043-48, 4275— 78. 
Cymhif(>» ef. srmicoHftilniits ; 5021, O. ImmgatUB ; 
5022-27. ffCipherocertts ef. planicoBta ; British 
Museum, O. 17971. ef. capricorn oides ; 5057-61. 
AriHifea iurneri ; 5034-42, 5049-50. 

75 b. 1 foot. Very fine |>aj)er-s]iales, with much decomposed 
iron-sulphide, also occasional and irregular impersistent 
beef-seams. Ostrea sp. ; 930. 

* The ammonite names here and in the following section have been written 
in the briefest manner possible, and can only be oompletely iiadersto<^ in 
conjunction with Fart IX, by Dr. Xi. F. Spath, where full references are given. 
’ * For a photograph of the Birchi-tabtdar exhibiting a broken anticline on 
the foreshore at Mouth Bocks, Oharmouth, see W.D. Lang,Proo. Q-eol. Assoc. 
roL XXT (1914), ph 40, %. B, _ 
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75 a. 2 -nodular.^ 1 foot. Paper- shales, and very 

nodules (sometimes as mueli as S fett lou^) witli heel: 
above and below. J&Iicroder octant a birclt?\ large speci- 
mens; 4953. Arietites ploiti% .British 50<)S k 

sp. iiov. ; 2955, L. F. Spath colln. ui. pHautlu- 
honnardi [Spath] ; British Museum, U. 1891. 

74 w. 3 feet. Paper-shales, with occasional irregular and ini- 
persisteiit beef-seams. MiL*rode)'OVf‘mii sp. ; 451 3“58. 

74 V. 3 inches. Thick beef-seam. 

74 u. 2| feet. Pai^er-shales, with occasional irregular and 
impersistent beef-seams. 

74 1. 2 inches. Beef, with much decomposed ij’on-sul]>hide. 

74 s. 2 feet 10 inches. Paper-shales, with occasional im^guhir 
and impersistent beef-seams. 

74 r. 1 inch (PL III, hgs. 1 & 2). A double beef-band often 
enclosing lenticles. IPlioUdophoriia sp. ojKn’cular ( l-Bil ), 
and preopercular (4432 d). Qi/mhites hevh/afita; 4423, 
4425. Microderocerm sp. ; 4424, 442C>-~2»S ; 44-30. 
M, sp. nov. ; 4429. Arietites^ sp. nov. ; 4431*. 

74 q. 8 inches. Paper-shales, with occasional irregular axitl 
impersistent beef-seams. 

74 p (PL III, figs. 1 & 2). 3 inches. Tabular to lenticular 

limestone, with beef. 

74 0. 18 inches. Paper-shales, with occasional irregular and 
impersistent beef-seams, well-marked at the base. 
JkCicroderoceruB sp. ; 4433. 

74 n. 14 inches. Paper-shales, with occasional iiTegular and 
impersistent beef-seams, especially at the base. 

74 m. 23 inches. Paper-shales, with occasional irregular and 
impersistent beef -seams, and at the base a line of beef 
with decomposed iron-sulphide above and below' it. 
Mitroderooeras sp. ; 4343-^^. 

741. 9 inches. Paper-shales, with occasional irregtdar and 
impersistent beef -seams, especially at the base. 

74 k. 13 inches, Papei'-shales, with occasional irregular and 
impersistent beef -seams. Microderocera^ sp. ; 4345. 

743. 9 inches. Paper-shales, with occasional irregular and 
impersistent beef -seams, a layer of decoiiti|K>sed iron- 
sulphide at the base, and beneath this an iiTOgular line 
of beef. M^ieroderocerm sp. ; 4345. 

74 i, 11 inches. Papei'-sliales, with occasional irregular and 
impersistent beef -seams, and a band of beef lielow. 
Mieroderoceras sp. ; 4347*-48. 

74 h. 6 inches. Paper-shales, with occasional irrcgukr and 
impersistent beef-seams, and a layer of decomposed iron- 
sulphide at the base. 


^ Por a photograph of a single nodtile of the Bwhi-nodakr in pkoe^ 
showing the beef above and below, see op. cit, pL 40, ig. A. 
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74* g. 17 iiuihos. Paper-shales, with irregular and impersistent 
beef -seams, jdrieff/eit sp. cf. jplotti ; 52(32—64, 

80. 'Miaroderaeeras sp. ; 5270. 

74; f (PI. iV, lig. 1). Pluck Arnioceras Bed, or Hartmann i 
Bed. 4 to 6 inches. Lenticular to tabiilar limestone, 
occasionally crowded with Arnioceras^ at other points 
barren. Arntocarait liartmanni ; 5073—91. A. cf. 
liartmamii ; 50()9-72, 5092-5105. A. [horizon 

assumed from matrix] ; 3237. A. of. nigrum \ 5106. 
P Cgmhitas sjj. ; 5561. 

74 e. 3 feet. Paper-sliales, with many irregular and iinpei’sistent 
beef -seams. Arniocm^as spp. ; 4333-39. 

74 d (PL IV, lig. 1). H^'ooTci Bed. 0 to 3 inches, Lentioles. 
ArMites brooki^ seveml variations ; 4448-62, 4841, 
4583 (large piece of a body- whorl of about 375 mm. 
diameter). Ogmhites Iwvi gains ; 4443-45. Cymbites 
s]>., compressed form ; 4442. C. aff. globostis ; British 
Museum, C. 21924. ? Av/cnla sp. ; 4436—41. 

74 0 (PL IV, lig. 1). . 1 foot (with 74 d). Paper-shales, with 
many irregular and impersistent beef-seams. Ariet- 
Has I?) spp.; 4368-09, 4522-24. ? A7mioce?w sp. ; 

4525-26. 

74 b (PL iig. 1). 6 feet 4 inches. Paper-shales, with many 
irregular and im]>ersistent beef -seams. Afmiooe^'as sp. ; 
4370-73, 4527-32. 

74 a. Little Ledge. (> inches. Manifold beef -seam, with very 
tliin marly partings. Ichihyosa^t^'us sp., caudal ver- 
tebra; 2810. Ostrea sp. ; 4034—35. Arnioceras sn. 
4293, 4533. 

73 u. 1 inch. Bedded mail, with occasional beef at the base. 

73 t. 1^ inches. Friable marl. 

73 s. i inch. Arjiioaaras Bed in friable marl. A^mioceras sp. 
cf. samicosiatum ; 4392, 4574. 

73 r. 4 inches. Friable marl. 

73 <1. 2 inches, i^issage from fine conchoidal marl to friable 
marl. Arieitics sp. ; 4559. 

73 p. 7| inclies. Fine conchoidal marl. A^'ietifes^ sp. nov. ; 
4308, Ariisfites, sp. nov. ; 4307. A., sp. nov. ; 2790, 

2795 (associated with JSulcife?ntas sulci /hr and pro- 
visionally placed in this bed), iS, [Spath] suloifm' \ 
4402, 4560-61. 

73 o. i inch. Persistent beef-seam. 

73 n. 1| inches. B^ine conchoidal marl. 

73 m. i inch. Iron-sulphide. Bulciferifes [Spath] sp. ; 4562. 

73 1. 14 inches. B^ine conchoidal marl, Arniocarm sp, cf, 
setnieostafu^n; 4663-66. BuleiferHes [Smth] sulcifer; 
4567'“69. Buloijhrife^ [Spath] sp. ct. dumortieri ; 
4810^16. IBlagiostoma sp. ; 4822, 

78 k, 1 inch. Thin impersistent Wfe^seams. 
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73 j. 14 inches. Fine conchoklal iwarl. Anihceiuta ef, 
semt costa turn \ 4413. ? Arietites sp. ; 4570, 4414. 

SidoifiHtes [Spath] sp. cf. dumorficn ; 45HI-85, 

73 i. 1 inch. Thin impei'sistent beef-swiuis. 

73 h. 13 inches. Fine conclinwlal mnrl. Arfrfitr^s, sp, nov, ; 
430D, 4591. Sidci/fintes [Spath] sp. <*f. 

Silica t us ; 458(5—90. 

73 g (PL IV, %. 2). lleef 20, upper iiinit. 2 inrhcs. 

Persistent, double to nianitokl beef -seam, t>ceasiuna!ly 
enclosing lentieles and nodules. The uppt.*r surface of 
this bed, of which a mther wide expanse is ofttni visible 
at the shoreward end of the Reef, pn‘.sonts rough 
irregular ladges mdiating from centres, resemlding in 
appearance the stools of f<>ssil lives. 

73 f. Slabby, slightly conchoidal marl, tiiticijerifas [Hpath] 
sp. cf, anffusfisulcafiis ; 4(500-6. 

73 e. 1 inch. Beef. 

73 d. 7 inches, Slabby, slightlv conchoidal nuirl. Ariel if rs 
sp.; 4007-S. * 

73 c. I inch. Iron-sulphide in little crystalline clots. Ariel ties 
sp. nov. ; 4609. 

73 h. inches. Slabby, slightly conchoidal marl. 

73a (PL IV, fig. 2), Beef 20, lower limit 2 inches. 
Double to manifold beef-seam, occasionally enclosing 
lentieles and nodules. 

72 g. 17 inches. Slabby, slightly conchoidal marl. Aefiioeeras 
sp, cf. seiniGostatum and A, sp. cf. nodulosum ; 4‘6lO - 17. 
Avicula sp. near A, infraliasiiia (Martin); 46»U>. 
? Avicula sp. ; 4618. Jilnpitdionella sp. ; 4()20~2 1. 

72 f. 2 inches. Impersistent beef-seams in friable marl. 

Arnioceras sp. cf. nodtilosiim ; 4(525. JBelemniies «p. ; 
4962. ? A vicula sp. ; 4626. 

72 e. 13 inches. Bedded marl. Arnioceras eh nodulosumx 
4627-32. Arnioceras sp. cf. semicostatuni and nodu^ 
losum ; 4383. ? Avicula sp , ; 4380-90. 

72 d. 6 inches. Impersistent beef-seams in friable marl. 

72 c. 1 inch. Small lentieles in conchoidal marl. Arniaeeras 
sp. ; 4288. 

72 b. 4 inches. Conchoidal marl, passing into 72 a. 

72 a (PL IV, fig. 2). Keef 19, 10 inches. Indurated marl 

full of Avicula. Arnioceras sp. cf, sent icos tat um % 
863, 865, 860, 2759-66, 2778-80, 3204, 4418-20. 
Arnioceras sp. falcaries\ 2783, Atmlocerm sp. ; 
2781-82. Beleinnites sp. ; 4295. Fta^iosfotna 

giganteum James Sowerby ; 2767. Avicula sp. cf. 
A. inoequivalvis James Sowerby ; 857-862, 864, 866 -68, 
870, 2748-50, 2765-57, 2751-53, 4294.4421. Avicula 
cf . A. jga^yria Quenstedt ; 3203. 

71 g. 20 inches. Slabby, slightly conchoidal marl. Amiocerm 
sp. cf. semicostatum ; 4633-36. Arnioceras sp. ss 
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A. cerafitoitles (iuenstedt (‘Animoniten des Schwab-' 
iselien .Turn ’ 1883, pi. xiii, lig’. 7 onlyj ; 2033. 

71 f. 1 iiicli. Impersistent beef. 

71 e. 2vS inclios. Hedded marl, with occasional small, flat,. 

circular discs of barytes, exhibiting* radial structure. 
Armoam^aa sp. cf. semlcosfafiim ; 4037-42. 

71 d. 1 inch. Inij3ersisteut beef. 

71 c, 1 inch. Friable marl. 

71 b. 0 inches. vSinall lentieles in limy conchoidal marl, passing- 
into 71 a. 

71a. Koef 18. 1 foot. Indurated marl. Arnioceras sp. cf.. 

semicostaium ; 4358, 4043, 4359— 05. Arnioceras 
Q^. 4045. Arniocerrrs sp. ; 4287. JBelemnites 

sp. ; 4945. ? Ainmila sp. ; 4^366. Avictila sp. ; 4646. 

Icli thyosanrus sj^., coprolites ; 4036. 

70 h. 0 inches. Conchoidal marl. Arnioceras sp. cf. nodti- 
losum ; 4647. ? Avicula sp. ; 4648. 

70 g. 3 inches. Irregular beef. 

70 f. 8 inches. Small lentieles in conchoidal marl. 

70 e. 1 inch. Beef. 

70 d. 2 iiichevS. Conchoidal marl. 

70 c. Pararnioceras-alclnoe Bed. 1 inch. Friable marl and 
putty-mai’l. Beds from 69 b to 70 c can be traced 
(though poorly shown) eastwards of Beef 14 and as far 
as the fa\ilt immediately west of Keef 15 (see fig. 1, 
p, 50). Large ^ararnioceras alcinoe may he found in 
and obtained from 70 c, on the reefs immediately east 
of Reef 17, h^*' pulling at the plants of JE'ucus. Where 
several of these are growing on the surface of a large 
JP. alciiioe, big pieces of the fossil come away with the 
seaweed still attached thereto. Arniocei'as sp. cf. 
hodhn/i', 2796, 4027, 4234-36a, 4651, 4653-54. Arnio^ 
ceras sp. cf. ceratitoides ; 2562. Arnioceras sp. cf. 
wenda.v rariplic(tta% 2564, 2598-99. Ar?iioceras- 
s]). cf. 82 ieeiostim ; 2563, 2784, 4655-57. Arnioceras 
s]). ? cf. miserahile auett., non Quenstedt ; 2785. 
Arnioceras spp. ; 2564, 2568, 4232-33. JBararmo- 
ceras alcinoe', 2600, 2590, 3982-83, 4242-43, 2713,. 
4412, 4519, 4652. I^ararnioceras sp. aff. alcinoe \ 
4241, 4521, 5398. iBararnioceras sp. nov, aif. alcinoe*, 
4853, 3980. Bararnioceras sp. aff. comj^ressaries 
Quenstedt, ])ars ; 2615, 4238-40. Bararnioceras 

sp. nov. ; 3981, 4520. Bararnioceras sp. cf, hreoni*, 
4649. Bararnioceras spp. ; 2572, 4026, 4028, 5397. 
? Ayassiceras sp. cf. terquemi*^ 4029. ? Ayassiceras 

sp. cf, reynesi Spath ; 4236. Nautilus sp. ; 4658. 
Belemnites acutus Phillips non Miller; 4040, 4025, 
4032, 4659-68. Ostrea sp. ; 2797. Grypheea sp. 
cf. G, arcuata Duraortier {non l4amarck), 18^, *£tudes 
Pal. . . . Bassin du Bh6ne’ ydL i, p. 88 <&pL xiii, figs. 4-5 



only ; 4j2-i4. sp. ; 2797. J^evfen np. c£, 

€mpmlis iiuonstedt ; il)22“2Ji, Ff*eieii Hp. of. 

P, iffxtorius Selilotheini ; 4;1*04. )! Fhnrom^a »p, ; 

2607, Sjyiriferhia sp. of. S, waleotti (J. <le tJ. 
Sowerby) ; JOritLsh Miwoiiin, B. 41.1 mS0. Invert nus sp* 
of. fuhercnlitfiin (Miller); 403i3. l)iatlo!n<»ul-Hpino ; 
4031. Fish-remains ; 4939. 

70 b. 4 inches. Concho idal marl. Aniioeerm npecitmim^ 

4024- 

70a. Reef 17. 2 inche.s. Beef, with a little friable marl 

below, uiruioeerttn sp. of. eerufHoitJvn ; •1237. 

•69 c. 8 inches. Fine conehoidal marl. Anitoeerun sp. ; ‘1-669. 
459 b- 19 inches. Fine eonohoidui marl, with occasional putty- 
marl, passinj^ into bedded marl; occasional bt»t*f at the 
’top. Arnioceran s]>. of. ceraiUoldm \ 2o7(>, 1671. 
ArnfoGtiras sp. of. ohllqitecoistatum ; 4()70. Arnioevran 
sj). cf- geometricum (I) ; 315(>. Antivvertin sp* ; 

3157-67, 4672. Agansiceran sp. ef. mtuzimnuni^ 4(>73. 
Flagiostoma sp. ; jH72-76. ? Aiucula near A. inj^rn* 

(Martin) ; 3191. Avicu,lti ii\u\ 3192-99. 

^9 a. Reef 14, I’epeated by the easternmost fault as Reef 10. 

2 inches. Beef in friable marl. Amiocera% sp. cf. 
speciosutii’, 3148-49. A?'n£oceras sp. cf. ohUgue>‘ 
costatum ; 3150-51, 3154. ArnioceruB sp. ef. inBiaue 
Fucini ; 4020. BelemniteB acutus Phillips, non Miller; 
4509-11. Ostrea%^.\ 3178. ? Avicuhi 3179-81. 
? HhynchonellaBi}.’, 3177. Ichthi/oBaunta vertebra; 
441^. 

<68 b. 7 inches. Fine conehoidal inarl. Arniocer<t« sp, cf. 

ohliguecoBtatum \ 4341. Arniocerns iiodnlv»nm\ 

3124. Arnioceras dh}iorghum\ 467*k Arnio- 
ceras spp. ; 3118-21, 3123. AgasBicemti sp. ef. nauze* 
anum\ 3122. Belenmiles aettfuB FhiUi\ii>, non Miller; 
4508. Vlagiostoma sp. ; 3132. Avieula sp. ef. 
A. inequivalviB James Bower}>y ; 3137-38, 3140. 

Avtcula sp. ; 3136,3139. ? QeroUlia sp. of the pattern 
of Q, ohliqua Martin; 4676. ? GervUiia sp.; 3134-35, 
3141-45. 

*68 a. Reef 13, repeated, as Reef 15, by the easternmost of the 
three faul6 described below (under 64), that having a 
downthrow of 2 feet on the west. 2 inches. Beei in 
friable marl. 

67. 8 inches. Fine, pale conchoidiil marl, 

66. 3 feet. Fine conehoidal to bedded marl. ArniocBroB 

sp. ; 4677, 4679, AgaBBicerm sp, cf, »auzeanum ; 
4678, 4680-82. 

-^65. Reef 9, repeated as Reefs 11 & 12 (Reef 11 is the seaward 
continuation of 12, separated from it by a channel), 
1 inch. Beef and liable marl. Arniocerm ap, ; 4395, 
4683, BelemniteB sp. ; 4984, Avieuia sp. ; 4897. 
? Amoula sp, ; 4684. JDajpedtuB ap. ; 4896, 
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64j. 3 inches. Pine conehoidal marl, with beef and occasional 

very large nodules, which are as much as 1 foot thick 
vertically, and invade 63 d. They are rather rare on 
the clih:-seetion, and consequently this horizon is not so 
easily (.leteeted there as might be exj^ected from an 
examination of the reefs. But their j)i*esence in the 
cliif-section is valuable evidence for correlation with the 
I'eefs ; and on tlie reefs, where they are fairly plentiful, 
the nodules occur twice (see tig. 1, p. 50), indicating the 
repetition caused by the middle of the three little faults 
in the Shales-with-.Beef at this part of the coast. This 
middle fault has a downthrow of about 8 feet on the 
west. Arnioeeras sp. cf. ohliquecostatiim ; 3096. 

Arnioceras sp. cf. turner i (J. Sowerby, lower figure) ; 
3100—1. Ar?iiooeras sp. ; 3094. Agnssiceras sp. cf. 
spin ar ten ; 4687-90, 4692—98. Agassiceras sp. ; 4400. 
^elemnites acuttis Philli|)s, 7ion Miller ; 4685—86. 
'Plngiostoma sp. ; 3102-3. Avicula sp. cf. A. inceg[ui- 
valris James Sowerby; 3097—99. ? Q-ervillin sp. ; 

3108—13. Osfren sp. ; 3107. RJigfickonella sp. ; 

3104—6. sp., vertebra ; 4416. 

63 d. 11 inches. Pine conehoidal marl. JBelemnites aeiUws 
Phillips, ^io)i Miller; 4701. IBelemnites sp. ; 4700. 
Mhif n chon fill u sp. ; 4699. 

63 c. 1 inch. Strings of beef in friable marl. 

63 b. 1 foot. Pine conehoidal marl. Agassiceras sp. cf. 

(/(tndryi 4702. Aqassiceras spinaries\ 

4703-4. 

63 a. 1 iiK*h. .Beef-seani. 

02 b. 10 inches. Fine conehoidal marl to bedded marl. Agassi- 
sp. ; 4705 a. Aricula \ 4705 b. 

62 a. 3 inches. Strings of beef in marl. 

61 b. 14 inches. Pine conehoidal marl. 

Ola. Beef 8, repeated as Reef 10. 2 inches. ‘Short-rock.’ 

Makes a distinct line near the base of the clifh’ beneath 
Black Ven. Arnioceras sp. cf. anomnl ifcrum\ 3070-76. 
A, sj). cf. ohliqueeosiatn m ; 3069. Agassiceras sp. 
<3f. spinaries ; 2812. Plaglostomn giganfeuni James 
Howerhy (small speeimen.s) ; 3077-86. Avicula sp, ; 
3087-88. Aricula sp. ; 3090—92. Ostrea sp. cf. 
pattern of O, irregularis Munster ; 3090. Grgphtsa 
Bp., of a form near Q. suhlatnellosa (Dunker) in 
Dumortier, 18(54, ‘ jfitudes Pal.... Bassin du Rhdne’ vol. i, 
p. 79 j>l. vii, figs. 12-13 only ; 3089. 

60 h. 8 inches. Fine conehoidal to bedded marl. Arnioceras 
sp. ? cf. Jalcaries ; 4351. Arnioceras spp. ; 4352— 57, 
4710-22. iPlagiostotna sp. ; 4350. V Avicula sp. ; 
4349. 

60 g. 2 inches. Beef-stnngs in marl. Arnioceras sp. ; 470(1 
P Avicula sp. ; 4707. Ichthyosaurus sp., large speci- 
men, the anterior end of which i« »t5n -ujie 



<>0£ indues. Fine conehoidal to hedded iniirl. -^■i/v//V>rw/,v 
sj». et. Hinhtlaatmt ; *t72(), iT^io. A» sj>. cf. uhlique^ 
emtutn m \ 4712~lJi, 4710. A. s\k eF. araonlifi ; l'72il— 
r»Ji- Arniucrraii sp. ; 4‘70S, 4711, 4'714 “lo, 4727- 
4731 “-Jii, ^'/////,s%svVv.*yY/<f .sp. ; 4700, 4 7 1 0 , 4*<s 1-2. VAc/-- 
Ci//ffs]K; 4-717-lS. 

00 e. 2 inches. Jii*et'-strinjj;s in inarL Ayitimu nta spp, ; 

1323™ 31 , 13S2, JJmt sp. ; 1332. 

00 cL 8 inches. Fine conehoidul to hiMlded marl. Ai*nit*ee>Hfii 
sp. ? cf. tntomttUJerum 17 h>, 4717 oL A, sp. V <rf. 

It 47 lt>. Aiftttativt'iutH sp. cf. alnmufus ; 4‘742, 
4711. A. nftitst^tuinni \ 4743. JMirtfitutfuma sp. ; 4*737. 
)f Arivitin sp. ; 4730, 473H~41. 

00 e. 2 inches. A douhlc layer (>f \sht>rt-r(»ck/ Si‘p:irated hy dm* 
cnnelioidul marl. 

00 b. inches. Fine conciioula! marl. AifauHtctraH sp. ; 

4370>-70, 4752, f Avieula sp. ; -lilhO. lirjuddopod, 
4381. 

60 a. Keef 7. 3 inches. * Short-rock.’ A very conspicuotis 

reef, fonning a distinct line near the base of the cliif 
beneath Black Yen. Arniocems sp. cf. ohliquecoBtaium ; 
2793, 300 1-62, 3064~60. A. sp. cf, arnmtldi ; 306S« 
A. sp. cf , speciosu7n ; 2792. A^asBiceras BpinarieB ; 
4401. jPlagiostonia sp,; 3067. OBireu sp., encrusting 
ammonite ; 3068. 

59 £, 6 inches. Fine conchoidal marl. JBelem^iHes acufuB 
Phillips, non Miller; 4754. 

59 e. 1 inch. Beef. Ar7iioce7'aB sp. cf. ahIir/ue*coBiafitfn\ 
4394. A. sp. ? cf . arnouldi ; 4393. 

59 d. 4^ inches. Very fine, rather dai‘k, conchoidal marl. 

59 e. i inch. Beef. 

59 b. 10 inches. Very fine, dark, conchoidal marl. Arft/omyfB 
sp. cf. oMiquecostafmn ; 4754. Af/uBnicrrns sp. ; 4755. 

59 a. Reef 6. 2 inches. Very pale calcareous marl, with some 

friable marl and putty-marl. Con.spicuoiis at the ediff- 
foot beneath Black Yen. A7yiioee?y(B sp. cf. oblique^ 
co&tatum ; 3045, 3049. A. sp. cf. ‘ tnendax var. r/?r/- 
pUcata ’ ; 3047. ATmoce7*a» sp. ; 3040. A^aBBteeraB 
Bpinaries ; 4756-59. Avieula sp. ; 3051-54. 

Btoma punctatum James Bowerby ; 4709-70, 4i^6H, 
4771, 3055. Ostrea sp.; 4760-05. V Avicuia sp. ; 
3058—60. Utliynchonella sp. ; 4766-67, SAyrtacanihuB 
sp. ; 3044. 

58 b. 6 inches. Fine conchoidal marl. Arniocerm sp. ; 4772, 

58 a, Reef 5. 1 inch. Beef and marl. Af^iioeerm sp, cf. 

ohliquecostatum ; 3040-42. Arntoceras sp, ; 3038-39. 

57 b. 2 inches. Fine conchoidal marl. ArntoceroB sp. cf. 
ohliquecoBtatum ; 4374, Arnioceraa sp. ; 4773-74, 
4776. Aymsiceras sp. cf. BtriarieB ; 4775. JE^layi^'- 
Btoma sp. 4777-78, r Avieula sp.; 4779-81. Ameula 
sp. ; 3087. OBtrea sp,, encrusting ammonite ; 30^, 
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57 a. Reot* 4. 1 Incli. Beef and marl. At the clifp-foot 

beneiiili Blaek Ven. 

50 d. 1 foot. Fine con olioidal marl. Arnioceras sp. ; 4783 a. 

Af/assiceraa sp. of. sfrlaries ; 47S7-S8. Agcfssice7'as 
{if. aaiizf^anum \ 4785— 80. Agassice^^ns 4783 b, 

4782, 4784. Aincfila sp. ; 4780.’ A. sp. cf. A. inwqui- 
imlvis James Sowerby ; 3021. 

50 c. 9 inches. Fine conchoidal marl, with a line of beef above. 

Arniocfi^'fts sp. cf. geometriomn ? ; 4790-93, 4795. 
A^assicm'as sp. cf . shHn^'ies ; 4820. A gassice^^as sp. 
cf. ; 4825. Agassiceras sj^. ; 4794, 4796. 

JPl{tgiosto}Ha sj). ; 4823, Amciila sp. cf. A. inceguivalvis 
James Sowerby; 4822. Avicula S2>. ; 4824. JEugna- 
thnis sp.; 4828. 

50 b. Keef 3. 3 inches. Slabby conchoidal marl above beef. 

Agassice^'cfs sU'iaries ; 4797—4806. Agassiceras sp. 
cf. agihiaries ; 4814—15. A. sp. cf. sjnnm'ies more 
closely costate ; 4807—10. Agassice^'as sauzeaiium ; 
4398—99, 5260—01. Agassiceras sp. cf. sauzea^iimt, 
more compressed ; 4811—13. JPlagiostoma sp,, near 
B. duj^licaiwn J. de C. Sowerby; 4810. 

50 a. 6 inches. Pale conchoidal marl, with occasional lumps 
and streaks of putty-marl. On the foreshore beneath 
Black Ven. Agassicm'as st7na7'ies\ 4818. ?Am- 

cuia sp. ; 4819—20. 

55. Reef 2. 0 inches. Conchoidal marl, with iinx:)ersistent 

beef-seams. A^'nioce^^as sp. ; 3007. Ost7*ea sp., en- 
crusting ammonites; 3000-0, 1125. Avicula sp. ; 
3011-13. llhynclionella sp. ; 3008-10. 

54. Reef 1. 1 foot. Conchoidal marl, passing below into 

tlio indxuuted marl of 53. Ai^nioceras sp. ; 2991. 
Ostrea sp., encrusting ammonites; 1072, 2922-27. 
ItliynchonelUt sp. ; 2982—90. 

53. Tabic Ledge. 1 foot. Tabular limestone, passing above 
and below through indurated marl into conchoidal 
marl. Foxtus a wide exjxanse on the foreshore below 
Black Ven. Huddles of Mhgnchonella stand out as 
ltim]>s fronr the sixrface. Arnioceras sp. nov, ; 2715, 
2740, 2742, 2744, and British Museum, C. 28519. 
A. afF. eidein sp. nov.; 4013-15, Avicula sp. cf. A* 
ineequivalvzs James Sowerby; 2747, 2738, 1112-15. 
Avicula sp. ; 629, 2739. P Avicula sp. (black form) ; 
622, 4016, 1210-13, 2719-24, 2734-36, 2805-7. 

P Avicula sp. ; 2725, 2737, 2808. iPlagiostoma punc- 
tatum James Sowerby; 2746. iBlagiostoma sp.; 4410. 
Ostrm sp. ; 2977-78. Ostrea sp. (encrusting am- 
monites) ; 4411, 4012, 5254-66. Mhynokonella sj). ; 
1069, 2727-31, 2745, 4007. 

52. Conchoidal marl. Agassiceras sp. c£. spinaries ; 4405-7, 
4886 ; at 2 feet below 53. 

Q. J. a. S. Ko. 818. 



EXPLAHATION OP PLATES III & IV. 

Pirate HI. 

Pig*. 1. The upper 18 feet of Shales-with-Boef, on the west side of Charmouth 
beach. They are paper-shales, with numerous seams of beef 
(showing white in the photograph) and oecasi<,>nal lenticles of 
liiuestoiio. The beds are thrown into gentle fohls as they approach 
the fault in the Char valley, situated less than 100 yards east of 
the photograph. 

The lowest bed seen is 74 i. The beef separating 74 j and 74 k 
jmsses behind the child's head. Just above the child's head is the 
beef between 74 k and 741, wlnle that between 741 and 74 xu lies 
immediately above this. 74 m is a, %vide bed, ami the beef 
separating 74 m from 74 n is very conspicuous low down on the 
right of the photograph. Kear the xniddle of the cliff, and nearly 
at the toi> of the clearly-exposed section, tiie irregulxir liincfstono 
74 p and the lenticle-bed 74 r stand out clearly. The upper part 
of the cliff is largely grassod-over, bxit a pie<re of the /h'rc/it- 
tabular (76) is visible to the right of the middle line of the 
photograph and nearly at the cliff-top, 

2. A nearer view of some of the same beds, from a little 4t> the tfast of 
those shown in fig. 1. The bottom of the section is ixi 74 n. 'rhe 
hammer lies across an impersistoxit beef-seam in the middle «»f 74 o. 
A little way above the hammer is the nodule-bed (74 p), shown 
clearly only in the middle of the photograph. The lentiole-bed 
(74 r) stands out very clearly above 74 p. 

Plate IV, 

Pig. 1. Paper-shales in the Shales-with-Beef, from 20 to nearly 30 feet 
below the Bircht-nodular. The conspicuous bed near tho top of 
the photograph is the Black Aniioeera^ Limestone (ITarfmanni 
Bed), 74 f. Immediately to the left of the middle of tho photograpli 
is a hole whence shales have been dug. On a level with the top 
of the hole is the BrooTci Bed (74 d), one lentiole of which may ho 
seen in place towards the right of the photograph, and tho hole 
resulting fxrom pulling out another lenticlo lies at the same level to 
the right of the big hole. The thick beef-seam at the base of the 
section lies but a foot or so above Little Ledge (74 a). 

2. A section in the Shales-with-Beef, from about 35 to 43 feet below tho 
Birchi-nodular. The indurated marl at the base is 72 a, Iteef 19. 
The beef-seam (bed 72 f) passes behind the child’s nook. The 
strong beef-seam above this is 73 a, the lower limit of Keef 20, 
and the big lenticle in the middle of the photograph is in bed 73 f, 
the upper limit of Beef 20. Between 73 a and 73 f con bo seen, 
below, the iron-sulphide hand (73 o), and, above, the beef-seam (73 o). 
The beds from 78 o to the top of the section are in the lower 
Arietite horizon, and contain, too, Sxdciferitea^ 


PaBT II, PAIiJEOITTOLOaY : THE AmMOHITBS OP THE ShALES- 
WITH-* Beef.’ (By L. P, S.) 

(A) Introduction. 

A list of the species of ammonites, identified by me, has already 
been included in Dr, Lang’s stratigraphical account. It is intended 
%^ iso review and ampiSy these identifications, and to attempt to 
the generic classification which I have adopted, also* to 




^j/per ics j-eet of the !Shales- with-Beef : I'ig* %—l^earer view of the same ledsy taken 

Mieroderoceras horizon.'^ n hftle farther east. 
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Fig. 1. — Skides-ii'ith-Beef: brook i and Fig. 2. — SkalfiS-with-Beef : Beds and hivliftlia 

hartmaiini Jiorhnus. the horizon of Suleif erites. 




discuss the pliylogenetie i^elations of some of the ammonites of 
the Lower Lias. The development of a number of impoi-tant tyj^es 
here dealt with, for instance, Amioceras^ A^as^^iceras, Arietite^, 
Oymbltf^a, JCl^heroGerm^ M^ieroderoceras^ etc,, was studied some 
years ago ; but only brief reference can be made to this onto- 
genetic work, and it is also impossible at present to figure the new 
forms here recorded. It is a matter for regret that, in the absence 
of tietailed stratigraphieal work and careful zonal collecting for 
other districts, exact coiTelation is as yet impossible ; and, for this 
reason, but little help was obtained from a study of the splendid 
collections in the British Museum (Natural History), of the 
genus Arnioceras^ from Yorkshire and the Midlands, for instance. 
On the t>ther hand, my Arniooeras material from Skye, described 
.sepai‘ately,^ proved of use, and confirmed what, so long ago as Du- 
mortie]'’s time, was surmised of the enormous range of this genus, 
.although sufficient emphasis had not been laid upon it in j)revious 
accounts of the Dorset succession. Also, a collection made by the 
late vSir Henry Butlin, and recently presented to the British 
Museum (Natunil History), contains a number of ammonites from 
.Stockton in Warwick.sbir'e ; and, since some of them were collected 
in place and their occurrence was carefully noted, it has been 
jDossible to obtain from them additional valuable information. 

Unfortunately, the preservation of most of the ammonites in 
the Shales- witli" Beef is bad, and many species of Arniooeras^ as, 
for example, * A, ohliq^ueGostaium,'^ are based only on the character 
■of the ribbing on the outer whorls, obviously a most unsatisfactory 
criterion. The same remark aj)i)lies to ‘ Arniooeras memlax, var. 
rari])lio((tti'' Ducini. A specimen collected at Jiedcar, not in sifn, 
but associated with ‘ Ammonites ’ cf. lafesiilcafus Quenstedt, and 
Arnioceras cf, arnaiildl (Duinortier), which probably come from 
belt)W the gmuendanse siibzone, also agrees externally with 
the J talian * f orin : the suture-line, however, is quite diiferent, 
for, while the suture-line of the Italian species resembles that 
of the Gloucestershire A, nodulosum (J. Buckman). tliat of the 
Hedear specinion agrees with the suture-lines of A, hartmanni 
(Oppol), as here interpreted. A* somicostafnm (Young Bird) 
.and A» nigrum (Blake), all late forms. The reseinblanec based 
on ribbing is probably quite accidental, hence the difficulty of 
naming the badly -preserved Dorset specimens here dealt with. 
Another crushed form, from bed 70, was at first identified as 
AUtomoceras scipionlanum (A. d'Orbigny), and, being associated 
with many large * Ooroniceras \ suggested a horizon far too 
low in the sequence. But Affassiceras proved to he common in 
the strata below, so that it was clear that bed 70 must be above 
.and not below Mr. Tutcher’s sauzmnum zone or horizon I of the 
Harzhurg Ironstone. The * ABtomoceras ’ just mentioned is thus 
probably a laterally-flattened crushed A^assiceras, eom|5ai*abl0 
.to Keynes’s® Ammonites mulficostatus Sowerby, var. spuiaries 

^ ‘On Lower Liaa Ammonites from Skye ’ Oeol. Mag. 1922, pp, 170-7fi, 

** * HonograpBi© des Ammonites ' 1879, ph xxiv, fig. 25. 



Quenstedt, or O. F. Parona\sl jif/tfiftiiWntti 

stedt), of equally doubtful prevservutiou, Tliero ih, tlion, no 
trace of Jblfomoceras in these beds. Siiiiiiarly. there is no true 
Ar/assiceras in the aciptonianum beds of Hrc»adbfrd in Skye, but 
only the more or less homa»onu»r|ihons JPUaNUfVf rtti< iievelopnient 
mentioned below. 

Little importance, therefore, can be aftachetl to individual 
identi Heat ions ; but the assoeiution of forms is, in my opinion at 
least, of the greatest signilicaiiee*. If it were not for the faet that 
it might give rise to serious uii.sidentiHeations, I vvtmhi even prefer 
,r. F. Blake's - or E. Haug's*^ uniting of Arnmnnihn 
personafifs Simpson, with A. se/pio?i/fnuttt, to Bnekman's * rele- 
gation of it to A^assicf^niH, which laltto- gtmns devidops similar 
forms at a later date. Biological speculations in pala*ontolf»gy. if 
not based on careful collecting, are generally useless. In faet, it 
appears from the present discoveries that in A. Hyatt's subseries, 
for instance, containing -dt. the ‘ degene rale ' form is. 
the earlier, and the ‘anagenetic’ one is the later in origin, thus 
showing that the development of ammonites is not always in 
accordance with the cuiTcnt * law^s.’ 

(B) Genns Amioceras Hyatt. 

This genus is the one that is most abundantly ^presented in 
the Shales- with- Beef. It ranges from beds lieneath the lowest 
horizon here dealt with up to the Black Arnioceram Limestone 
( = 74 f), that is to say, there are some feed of 

Arnioceras-hesixixig strata in the ‘ Shales- with- Beef ’ alone, not in- 
cluding beds below (53) Table Ledge, where a number of (‘arlier 
series of Amioceras are expected to occur. 

Now Amioceras ceras (Giebel) Hauer .sp., generally taken lobe 
a typical Amioceras^ is one of these early forms, and <di»s»* to 
A- geometricum (Oppel) and.dt. (Quen.stedt) Hchnu<U, 

which species ai-e associated in the Harzburg inuistone** witli 

* Coroniceras ’ belonging to beds below the guntendmse «ubz<in<». 
To judge by the results of my collecting in Slcye, the ^A7*nioccras * 
of the gmuendense and those of the scipioniamtvi aubzones are- 
different, both fi’om the Amioceras of the he<ls below and from 

* ’Eparnioceras^ of the semi cost atum type above. For An kridian 

1 * Contribuzione alia Gonosoenza dello Ammoniti Liasaohe <li hdaibarclia, 
pt. izi ; Azomoaiiti del Calcare Nero di Moltraaio, Ac.’ Mi?m. Soo, Fak SumHe, 
Tol. xxv (1898) pi. XV, figs. 1 & 2. 

® E. Tate & J. F. Blake, ‘ The Yorkshire Lias ’ 1876, p. 287. 

* ‘XJeber die Folymorphidse, eine neue Ammonitonfamilio aas dem Liaa* 
Neaes Jahrb. vol. ii (1887), p. 97. 

^ ‘ Yorkshire Type- Ammonites ’ vol. iii (1920) p. xxir A pL olxxxvil. 

® ‘Genesis of the Arietidaa* Smithson. Contrib. 673 {1889) Summary., 
pi. xii [vol. xxvi, 1890]. 

E. W. Schmidt, * Die Arieten des TTnteren Lias von Harsbnig,* ixt J. F. 
Pompeofcj, ‘Beitrage ant Falaontologie A Stratigraphie des Nordwwit* 
deutsohen Jnra * Falseontographioa, vol. Ixi (1914) p, 4» 



Hehl in Zieten, generally inelnded in Arnioeeras^ the genus 
Aniiocerafoiden was proposed, this development being more nearly 
allied to Corotiiceras ; but with only the material that is at 
j'iresent at my disposal, the separation o£ what here are called true 
Arnioceras from ‘ JElpamioceriiB ’ is practically impossible, and so 
they are all left in Arnioceras sensu la to. 

Unfortunately, Mr. Euckinan ^ in 1911 chose as genolectotype of 
AryiioceraB a form (^A. ceratitoideB Agassiz=-4. ce^^as in Hyatt, 
Ucnesis of the Arietidie ’ pL ii, fig. 20) that has nothing to do 
with the true A, cerm (Uiebel) Hauer (1856) or the earlier (1849) 
A, ceratitoides Quenstedt, which probably is a bidly-figured 
example of the same common Adneth form. The suture-line of 
the misiden tilled form of Hyatt agrees neither with that of the 
early Arnioceras ceras, nor with that of typical ‘ JEjpar7iioceras ’ ; 
moreover, Hyatt’s error had been detected already in 1902 by 
A. Fueini,2 who included Hyatt’s form in Parona’s A dimorpTium, 
although coiling and suture-line differ considerably. The numerous 
species of the large (probably polyphyletic) genus ArnioceraB^ 
require revision ; but a point that may here be made is that, until 
corrected by the collector, the palaeontologist considered ArnioceraB 
to be one of the most easily- and safely-determinable genera of 
ammonites, and the reference of, for example, the early Ai'nioGeraa 
iioutioarindium. (Simpson) to the late semicostatum zone seemed 
natural. Another important point is that the dissimilarity of the 
Armoceras faunas or, rather, of the common museum-specimens 
of ArnioceraB^ from llorset to Yorkshire, is due to differences in 
their dates of existence, and probably not to differences in geo- 
graphical distribvition ; and it is the great merit of Mr. S. S. 
Buckman to have been the first to drive home this lesson of dis- 
similar faunas. 

The range of At'inooeras, however, through the 53 feet of 
deposits here mentioned is not uninterrupted, and from several 
horizons (for instance, 62 & 63) no example of Armoceras has 
yet been found, although the absence is doubtless due only to 
collection-failure. On the other hand, the hroo/ci nodules (74 d) 
are crowded with ArietitfB and QynihiieB^ but no AniioceraB occurs 
in them; whereas in the following horizons (74 e & 74 f) Arnio- 
Germ is again the dominant genus. 

This last horizon, the Black Arnioceras Bed (74 f) is here 
denominated the horizon of A, hartmamii (Oppel). Owing to 
the fact, however, that A. d’Orbigny’s® figure ot AmmoniteB 
kridion (renamed A, hartmanni by Oppel), like the Porset form 
hero described, shows not a bipartite, but a tripartite, external 
saddle, and that the species has so frequently been misidentified, 
the name is j^erhaps not a good one. On the other hand, none of 

' ‘ Yorkshire Type- Ammonites * vol, i (1911) p. m, 

* * Cefalopodi Liassici del Monte di Oetona ' pt. ii, Paleeontogrraphia 
Itftlioa, vol. viii (1902) p. 190. 

* * Pal4ontologie Pran^aise : Terrains Jurassiques * 1844, pi. li, figs. 1-2, 
^ 4-0, non fig. 3. 



the forms of this group of Arnioceras can be identilietl with tether 
known species. One new form somewhat resembles .Uevites\s 
A. ffeomefricus Phillips, var. hartmanni Oppel (‘ lMonogra]ihie des 
Ammonites’ pL xv, fig. 19) ^ but has flattened lateral amis, 
a rectangular whorl-section and closer costation. Aniiovf nts 
hartmanni var. ^licaia Fucini^ has its closer costatioii, hut 
diferent periphery and suture-line. This ncAV form is transitional 
to another resembling Ammonites ^patti Duinortieiv* with still 
flatter periphery ; on the other hand, Arniocvras hartmunni^ with 
angular i^oripheiy, leads to smooth forms, eoni]iarahle to A. nitfrinn 
(Blake), and having body-chambers at small diameieu's. This 
group of forms is thus fairly homogeneous, and th<* sutnre-lin»*s, 
all of the type of that of A. samicostatum (Young A Bird), 
have short and compamtively wide lobes and saddles, like A. 
d’Orbigny’s andPeynes’s (exceptional) figures. It is to he noletl, 
however, that in, for instance, an example of A, semivostufiun 
from Yorkshire, the two types of Arnioeei^aH suture-lines (namely, 
one having a deep and narrow first latenil lobe ending in two long 
prongs, and the other a shallow wide prineijial lobe) oeeur, not 
only on consecutive septa, but on opjK)sito sides of the same 
septum, and therefore care has to be exercised in the examination 
of suture-lines. 

The examples of Arnioceras from the beds below the hrooki- 
horizon down to bed 72 are hardly identifiable specifically ; but in 
beds 72 <fe 71 forms of Ar^iioceras possessing smooth inner whorls 
are dominant. They are, with some hesitation, compared to 
‘ A. semicostatum \ and certain examples resemble the form with 
oblique costas that Quenstedt,^ in liis latest work, erroneously 
identified with his Aimnonifes ceratiioides of 1849.^' Of 

Quenstedt’s later Arnioceras^ only the Oil-Shale fonn A. /(dearies 
olifeas (^ Ammoniten des Schwabischen Jura’ 188Ji, pi, xviii, fig. 10) 
can have any affinity with the types here described; but this sjH'cies 
is incompletely known. Numerous small fonns remain smooth to 
the diameter of Arnioceras jdavum S. Buckinan,^ whi<fh sjH^cies 
was described as having the periphery of Quenstedt's Amman des 
miserahilis. But this, apparently, is an error ; for Quon»t4!dt 
did not describe his A. miserahilis sls ‘having a keel like a piece 
of string rolled round,’ although on p. 71 of his * Jura ’ (not his 
‘ Ammoniten des Schwabischen Jura’) he says that it looks Hko 
coiled string, obviously in respect of its very evoluto character. 

^ In the text (p. 4) Beyn^s considered A» hartmanni Oppel to represent 
the young stage of ‘ A, geometrictis Phillips,’ and put it in the ♦ sAno h Ammo* 
niies multicoataim,* 

® Ital. vol. viii (1902) p. 198 [158] & pi. xxvi [xxix], %, 12. 

® ‘Etudes PaUontologiqnes snr les D^pAts Jurassiques du 38a«iiiii da 
Bhdne ’ vol. ii (1867) p. 119 & pi. xxi, figs. 16-17. 

^ ‘ Ammoniten des Schwabischen Jnra * 1883, pi. xili, fig. 8. 

^ ‘ Petrefactenkonde Deutschlands, pt. i : Die ^Ceph&lopoden * p» 239 4b 
pi. xix, fig. 13. 

® ‘Jurassic Chronology; I— Lias* Q. J.O.S. vol. Ixxiii (1917-18) p. 298 4h 
pL xxxi, fig. 2. 
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Moreover, mherahilis is an early form typically occurring in 
the ‘ Sclineller ’ Limestones of Quenstedt’s Lias « (subzone of 
Arielifes multicosfatiis in E. Haiig^ — ^Neues Jahrb. voL ii, 
1887, p. 101), and below the Pentaerinite-Bed, which is probably 
the alcinoG horizon of this paper. In Yorkshire, Ammonites 
miserahills occurs in the same blocks with Arnioeeras acuti- 
mrinatitm (Siinjison), and the latter is a characteristic fossil of 
the scipioniaiium beds near Broadford in Sk^^'e. On the other 
hand. A, Jtainim^ A. nigrum, A. semicostatum. A, anagenetioum 
S. Buckman, A, douvillH ? (Bayle), A. diffor-me (Blake non 
Eminrich), and other compai*able sj^ecies of this ' JEp arnioeeras ’ 
type may be later even than the hartma^ini subzone : for, to 
judge by si^ecimens in the British Museum (C 2912 <fe 62370), 
they are associated with an early form of Aigilieroceras [cf. 
JT. Gagyrieornoides Quenstedt^] suggestive of the hireJii zone. 
Unfortunately, the Dorset examples of this group, occurring in. 
•what appears to be a nodular limestone, with the shells well 
preserved in yellowish or greenish calcite, have not yet been found 
in situ. It is, therefoi’e, considered inadvisable to identify any of 
the crushed smooth forms of beds 71 & 72 with the true Arnio- 
Geras semi costa turn and A. fl non m. occurring in limestone. 

Little need be said about the Arnioeeras of the alcinoe horizon, 
and the underlying Agassiceras beds. No satisfactory specimen 
of the (Houcestershire Arnioeeras hodtegi (J. Buckman) was 
found, and, from a coitiparison of Dumortier’s ® pi. xxx, figs. 1 & 2 
(A. geomefriaus from the ^ oxgnofum^ zone) with pi. vii, fig. 6 
(^A. geometrlcus from the hucklandi zone), it will be seen that 
similar types of Arnioeeras, in the Jihdne Basin also, are widely 
separated stratigraphically. Nearly all the specimens are badly 
crushed; moreover, Arniocey'as anomalifeimm Fucini, to which 
some of the specimens are compared, itself includes a doubtful 
series of forms, and A. cf. speciosum Fucini, also provisionally 
included in the list, may or niay not be identical with Buckman’s 
A. fortunafum, which Pucini considers to be a synonym of his 
Italian species.'^ 

In the lowest bed, Table Ledge (53), a rather distinctive new 
hut generally crushed form, is fairly common. It resembles the 
species wrongly included by Quexistedt (‘ Aminoniten des Schwab- 
ischen Jura ’ pi. xl, fig. 5) in Hehrs Ammonites Jeridion ; but 
the ribs are even les.s distinct, especially on the outer portion of 
the sides. Hyatt ® included (ijueiistedt’s figure in his Arnioeeras 
krUUoides, hut wrongly, as F. Wahner® pointed out. 

^ Haug fixed the typo, but confused with it A. nigrum Blake. 

s * Ammoniten des Sohwiibischen Jura ’ 1883, pi. xvii, fig, 11. 

» ‘ Etudes Paldontologriquos . . . Bassin du Rh6ne * Tol. ii, 1867. 

■* *Appunti di Ammonitoloffia’Boll. Acc. Gioenia di Sci. Nat. Catania, Faso. 
47 (1919) 1920, p. 8. 

* ‘ Genesis of the Arietidss * 1889, p. 171. 

« ‘Beitrage aur Kenntnis der Tieferen Zonen des Unteren Lias in den 
Nord6stliohen Alpen* pt. vii, Beitr. Pal. CBBt.-XTng. vol. ix (1894) p. 5, 
lootnote 3. 



(C) Geuiis A^asaiceras Hyatt. 

This is here taken to include the ^roup, us 

emended by S. Buckmaii, 1909 (non A(/ctHH}cf*ran^ Myutt emend. 
Haug 1887). It is represented hy a number <>t* forms lhat range 
from below Table Ledge (53) ; that is, from below the limits of 
the present section, to the alcinoe bed (70). afrianrs' 

(Quenstedt), A, mxvzectnum (A. d’Orbigny), A* apinara^ (tiuen- 
stedt), distinguished from the nearly allied 'French species l>y tdoser 
oostation, are the commonest forms, the smooth A, HfHttnra 
appax'ently characterizing the lower half of tln‘se bt*ds. A mnv 
species, A, nom. nov, Am man if m mifitirmfafuii 

Sowerby, var. spinm'ies Quenstedt in Revnes, * Monograpliie des 
Ammonites’ 1879, pi. xxiv, fig.s. 25-2s/ Coll. \V. 1\ h. *1230), 
forms a morphological transition to some species of the genus 
Faraniiocerasy dealt with below, and Herhich’s Art/’f/ft^a Hfr/firriti 
oht 2 tsus vulffaris Vadasz^ seems also to belong to this 
group. Agassice7'aB cf. ie^'qxtemi (lieyn^s),” recordtHl from bed 
70c, is a doubtful example; accordingly, my AgaHHterraH of the 
typical musieanuxn type has been found in bed 70 e. 

With regard to the interpretation of the genus Agamicerm^ it 
may here be remarked that forms eomparable to AmmonUe^ per^ 
sonatm and A. rempinatuB Simpson, probably also A, BuhtanruB 
Reynas and ^tomoeeras DEcrPiENS nov. (zs:A. ^milticostntm 
Simpson non Sowerby, B.M. C220G7a, AgaBBteeras sp.,’ 
pi. clxxxvii, fig. 3 in Buckman, op, cit. vol, iii, 1920) <xjcur in tin* 
Bcipionianum beds of Skye and Yorksbii*e, and are hero excluded 
fxcym AgaBsieerctB', but the ancestral forms of both jKfomoeemB 
and Agassiceras have to be looked for in the stock that produced 
the still earlier * Coronicexates ’ discussed in my pa]>er on the 
Lower Lias of Skye. The tendency of AgossiemviB, howcvcsr, is t<» 
‘delay’ the development of bisulcation, common to all these deri* 
vatives of the genus Ammo^iites sensu stricto (AmmonifeB 
Brugui^re, restricted to the group of A, hi Bid eat hb (Bruguifu’c) 
A. d’Orbigny, pi. xliii ^). A similar tendency in early * Mparnlo^ 
^eraB^ leads to Cyrnhifes, which genn.s, therefore, cannf>t be united 
with AgassiceraSy as was done by Haug'^ and Pompeckj.** Like 
Psilcyphylliies Spath,® CymhiteB i.s a good illustnition of simpli* 
fioation.^ The I’esemblance of sjxeeies of AgaBBieeraB of the type of 
A. davidsoni (Dumortier non A, d’Orbigny) or of A, herardi 
(Dumortier) f with the scaphitoid CymhiteB is, moi^eover, not very 
close. 


, Unterliasische Faxma von Als<Sr^kofl, &c,* Mitt, Jahrb* K. Vng, Oeol. 

Monographie des Ammonites " 1879, p. 4 A pi. xix, fiffa. 9-12. 

» Ii. F. Spath, GeoL Mag. 1922, p. 173. 

^ Neuea Jahrb. vol. ii (1887) p, 93. 

Ammonoiden mit “anormaler Wobnfeammer ’* * Jahresb. Ver, 
Taterl. Natnrk. Wiirtt. vol. 1 (1894) p, 238. 

* of TragophylloceroB loBComhi* Q, J. 0. S. vol, hex {19141 

p. ool. ' * 

i** JnwrtMtquM do Buida da 

libdne voL n (1867) pi. xxi, figs. S-7. 



(D) Genus Pararnioceras Spatli. 

This genus was created^ for A. alchioe Keynes (pL xxiii, 
Jigs. 7-11), the type being specimen 2713 (Coll. W. D. Lang), 
which is identified with Jteynes’s species. Tliis occurs rather 
■abundantly in bed 70c, hence called the ^alcmoa Ijed,’ and is there 
associated with a more closely costate species, which, however, is 
laterally not so flat as P. lilanaria^ (Keynes). Another new 
species from the same bed is comparable to P. (Ciuen- 

stedt), and differs from ^ Anetitea -nmJfi contains'* Wright {^non 
Sowerby), pi. iv, in being still more densely costate. A new and 
•equally large species, occurring with the above in bed 70 c, has 
a subtrigonal whorl-section, and diifers from Para cor oniceras 
jjfmuendeme (Oppel) Keynes sp. (pi. xvi, figs. 1-2) chiefly in its 
obscure ornamentation and in the great width of its fii’st lateral 
saddle. 

Some smaller crushed examples from bed 70c may re]>rescnt the 
young of Pararniocaraa. One of these (No. 4(549) somcwdiat 
resembles .^4 hreoni Keynes (o/;. cit, 1879, i^. 5 A])!, xxxii, 
tigs. 16-17), and suggests connexion with the younger genus 
Ariefffas. These smaller specimens are, unfortunately, in a bad 
:state of preservation. 

Forms of the group of JEjiammonlie,^ lateBnlvafan (Quenstedt) 
iBehmidt sj)., notably K, a rihen ope and E. his ( Ileynes), E. ptto- 
linm (Keynes), and E. comprassarias (Keynes, non (Quenstedt), 
which by w'ay of E, aplae (Keynes) are connected with the true 
ArfiiocaraSf greatly res(nnl)le some s}M3cies of Pa?*arniocera8 ; but 
they do not seem to range l)eyond ffninendenna [iwH scipionh 
,anvm zones, to jtidge from the collections which 1 made in Skye. 
In Warwickshire also, at Htockton, with ^ ^Hclilotheimia'' eharmassei 
(A. d’Grbigny), in the ^ hneklandi beds,’ omwv Epaimnomfas aglae^ 
E. sp. nov. (ef. eonyheari Hoynes non Sowerby, ]>L xii), E. cf. 
hreoni i and E, cf. helw (Keynes), the inner whorls of all of which 
suggest an Arn /oraras^ori^m. The early Epammonifas, then, 
<rlosely connected with the true Arnlocaras of the Ooronicaras 
.Hods, may be considered <listinct from the more or less bonmio- 
morphous Idarurnioearfts^ a specialized megalomorph offshoot of 
another Arietid sto<fk. Nothing like the forms of Parariiiocarm 
here descrilwjd has been discovered in the beds below 70 c of the 
■Charnioiith section, and in (Jloucestershire and Worcestershire, 
whore AyaBsieerae muzaanmn occurs plentifully, Pararniocarae 
also seems io be absent. Thus stmtigiaphical oeeurrenee and 
faunal association suggest an AyattHiceras origin for Pararnio- 
eerasi, and from A, raynesi^ sp. nov. to Pararnioceras alcinoe 
(Keynfes) or P. nadosaries (Quenstedt) there is only a step. 
Until, however, the inner whorls of Pararmocems are known, 
.accumte comimrison with both Epammonites and AymBteerm is 
impossible. 

^ Abtt* Free. Oeol. Soo, Ho. 1070, January 13th, 1022, p, 30, 



(E) Genus ArietHes Waageu. 

This genus, restricted to the turner i grou}> (nut inelutUng such 
forms as, for instance, Ammonitea deiioiaftoi, ienvllua Simpson, 
A, impenclens Young & Bird, wiiicli arc more nearly allied to 
Asteroceras)^ first appears on the Dorset coast at alxmt feet 
below the 6/rc7if-nodular bed. Its upward ninge is not yt*! deter- 
mined; but, if we may judge by examples mi ArietUe^ colleided at 
distances of 5 to 10 feet above the tabular and still dost* tr> 

the true tierner/, the genus passes btyond the limits of 
the section here described. The specimen from bed 77, <*hisely 
allied to A- turneri as stated, is the ^ Ariviilva sp.,’ iiududctl by 
Mr. S. S. Buckman ^ in the ^ ifroo/a Dr. Lung's .specdimm 

from near bed 80^ is too badly preserve<I for certain rcft;rciu!t,‘ to 
either Ab‘fe?^oceras or Arietlfes. 

The earliest forms of Arietifes, from bed 7J3, seem to be referable 
to three new species. One with i-ather disttint eostation looks some- 
what like Ammonites hitcMandi costar ies OiumstetU ; anotlier 
is homoeomorphous with the later true Ariefifes farntri] and tin* 
third has closer costation than the others. The ])cK>r ])reservatiou 
of the inner whorls in all three and the absence of suture- linea. 
make it neeessaiy for the present to refer them to new species, on 
the evidence of external characters and in view of the fact that 
even in the later Ariefites of the hrooki bed the inner whorls are 
very distinct from those of the still later turneri group. It should 
be pointed out, however, that the inner whorls of the three new 
species are not markedly smooth ; whereas one sj>ec!imeu at least of 
the presumabl^’^ late Arietites plotti (Keynes) has the ‘ didayed ’ 
inner whorls of A. hrooki. Similarly, in hrooki-XWm Asteroveras 
of a much later date (but until now genemlly confused with the 
earlier Arietites) the inner whorls may resemble those of the true 
A. hrooki. 

The real horizon of the last-named species \va.s long a matter of 
speculation among workers on ammonites, and it can only now 1>e 
definitely stated, thanks to Dr. W. D. Ding’s earefril collecting, 
that this horizon is some 23 feet below the birclu bed and not 
above it, as had been argued from biological consiclemtions : that is, 
it is not ^o^tAurneri in date, as it was thought to be in develop- 
ment, The hrooki bed is crowded with small Arietites^ differing 
in thickness and in the spacing of the ribs; but this great variability 
is apparently confined to young individuals, and tlie a<Uilt npeei- 
mens all conform to the typical A. hrooki. It may l)e added 
that Quenstedt’s fig. 7 of pi, xvii (^A. scipiomanus o'Hfe^e) may 
be a true Arietites of this group, whereas his * Amm 0 nife 0 
hrooki /3 ’ (pi. xx, figs. 11 <fe 12) is an Asterocerm* 

It has already been mentioned that no species of Arfmoera» 

1 Q. J. a S. Tol. Ixxiii (1917-18) p. 298. 

2 Proo. Oeol, Assoc, vol. xxr (1914) p. 816. 

3 ‘ Ammoniten des Sohwabisohen Jura" 1888, pi, xi, fljr, 1. 



occurs in the hrooJci bed, and, conversely, no Arietites in the 
Black ArmooiTcin Limestone ij=^liartmanni bed) ; indeterminable 
species o£ Arietifes wore, however, found 3 feet below and 1 foot 
above the latter bed. 

From horizon 74 r, 9 feet below the nodular, was obtained 

a new species of Ark4ites^ immature, but with an AsteTOGeraH’- 
periphery, similar to that of Quenstedt’s Ainmonites Iroohi /?,, 
just mentioned. 

There is a specimen in the Tomes Collection in the i^atural 
History Museum (C 1G501) from Weston Hill (Gloucestershire),, 
marked as occurring ‘ with Ammonites hroolci^ that probably 
belongs to the same or an allied, inflated, yet evolute species of 
Ariefifes ; it cannot well be eomj^ared, however, on account of 
difference in size. This example is associated in the same collection, 
with numerous Arietiies of the group of A, tnrneoH, A. tur^escens,. 
and A, ^lotti, all from Worcestershire and Gloucestersliire ; but 
there is no true A. hrooJci. Moreover, those examples that have 
the inner whorls pi'eserved (C 6154 from Eekington, near Pershore, 
and 016506 & C 16884 from Hobb’s Farm, Weston) belong to- 
the ‘ accelerated ’ tnrneri^ and not to the early and rather distinct 
hrooJci group. A number of Arietites of the fxirneri group, kindly 
sent by Mr, J. W. Tutchor, include examples comparable to the 
specimen figured by Mr. B. S. Buckman in ‘ Type- Ammonites 
vol. iii (1921) pi. coxxi. A-B, and A, iKTfjescens, from the neigh- 
bourhood of Bristol, where the true A. hrooki again seems to be 
missing. A specimen of A. tnrneri from Ashley Down, and a 
more distantly costate Arietites from Salford, near Bristol, are 
associated with JkCicroderoceras, Mr. Tuteher believes that these 
Ariefifes come from below the hircJii bed, and, according to his 
statement in 1918 (in S. S. Buckman, Q. J, G. S. vol. Ixxiii, 
p. 280), numerous specimens of Arniocex'us are associated with 
Ariefifes furneri in his district. 1 am thus not at present in a 
position to decide whether Mr. Tutcber’s furneri zone coiTesponds,. 
as seems likely, with the hirelii zone of this paper (or at least 
with post-ftrooAri beds in the Dorset sequence) or whether there is 
a condensation of the whole six yp^t^sauzeanum beds into bis one 
* txirneri zone,’ as might also he surmised from Mr. Tomes’s. 
record (in coll.) of Ariefifes with Agassiceras. 

Two very immature Arietites fi’om the same bed as the new 
species just mentioned present no indications yet of the keel at 
diametem of 6 to 7 mm. 

An al>undant development of Arietites^ notably A» turneri\ 
occurs in the ^2>c7/?'-tabular ; and Quenstedt’s Ammonitfs serpen- 
timts olifeoB (pi. xviii, fig. 10), from the Oil-Shale with Jf. hirchi^ 
probably also represents the true Arietites turneri of this 
horizon. As type of A. iurnerU J- C. Sowerby’s upper figure 
was selected by Oppel; the lower figure of pi. cocclii (Min. Conch, 
vol. V, 1825) is an Arnioceras from Watchet, comparable to some 
of the forms here referred to A. ohliguecostatum (Zieten) Fucini. 



The last-named author’s A-riatife^ \ finioki aial 

A. turner hy the way, probably are also miHitlentified. 

A, jplotti (Keynes) has not been foninl by Dr. Lan^, but 1 have 
seen examples in the collections of J)r. Wyatt W'in^ruvc, Mr. 
James Francis, and Mr. F. H. Butler, with frat^ni<‘uts or impres- 
sions of large J/. htrcln attiiched; we may, th*'ivfon% take i1 a.s 
fairly certain that the /-nodular is the home of this common 

species. A. PSRUDOnoxxAnou sp- nov. (^A fH*nnttrifii 
Wright® non A. d’Orbigny, Natural History Museum, C’ iSlM ), 
which differs from Keynes’s Amnion if ea ploffi in having ettarscr 
ornamentation, and an allied Ariefifru^ sp. nov., with ftH‘hle tiriui- 
ment and almost smooth outer whorl (No. 2i)o5, <?oll. L. F. Spath) 
probably also came from the hirclii zone. 

(F) Genus Cymbites Neumayr. 

The genus Qymhitee, numerou.sly reym^sunted in the upper IhhIs 
of the Shales- with-* Beef,’ is a stock the Kysteinatie position of 
which recyuires considemtion as a preliminary to the review of its 
various representative species. 

The type of Gynibites is G, ylohosus Neumayr, and the holotype 
of the sy>ecies is Ammonites glohosus Schubler in Zieten (‘ i>ie 
Versteinerungen Wiirttembergs ’ 1882, p. 87 pi. xxviii, tig. 2)* a 
doubtful form from the ^ Lower Oolites.’ Qwenstedt in his Slum,’* 
as in his ‘Ammoniten des Sehw^bisehen nnd also ()))pel * 

considered the form of the Middle Lias 5 to represent the ‘normal 
type’; hence Ammonites centriylobus Oppel=yL/i///, ylohusiiH 
Quenstedt [ ‘ Cey>haloy?oden ’ 1S4?9, p. 188 h pi. xv, figs. 8 n 8 /•» 
and ‘Ammoniten des Schwabisehen Jma ’ 1885, ]>1. Ixii, figs. 29 
<fe 30, according to Pompeckj ® ] might be chosen as the genotype. 
Most writers, however, including Hyatt, Hang, i^)lnJ^i*ekj, ami 
Buckman, liave connected Gy mb it as wdth Aynsstcerm^ which 
develops unconstricted but otherwise similar forms. Vymhitvs 
was thus cleai’ly used for the dwarf -forms of the lievlyatus group, 
and the restriction of ^ Cymbites'' to the Domerian* AmmonHen 
centriglohus seems inadvisable. Since this dwarf -development of 
the Middle Lias cannot satisfactorily be assigned to any known 
contemporaneous genus, a new name {MBTAcrMHirm) tmy Ixf 
proposed for it. The suture-line, with deep tnfld lobes, is quite 
different from that of the earlier Gymhites. It may be related 
to Fucini’s Coeloceratid genus Diuphorites ; hut Kosenbifrg’H 
*■ Agassicei'm'" arfhaheri^ probably does not belong to it. flaug*K 

' ‘ Oefalopodi Liassioi del Monte di Cetona ’ pt. iii, Pal. Ital. vol. ix (1008) 
pi. xix (xxx) figs. 1-4. 

^ ‘Monograph of the British Lias Ammonites* Pal. Soc. |»t, ii, 1878, pk xi, 
figs. 1-3 4b pt. iv, 1881, p. 287. 

® ‘JT-ara’ 1858, p, 172 j ‘ Ammoniten des Sobwabisohen Jura * 1885, p. 380, 

* ‘I)er Mittlere Lias Schwabefis * Jahreah. Ver. Vaterl. Naturk* Wilrtt, 
vol. X (1853) p. 95 A pi. iii, fig. 7. 

^ Jahresh. Ver. Vaterl. Naturk. Wiirtt. vol. 1 (1894) p, 289. 

* ‘ Die Liasiache Oephalopodenfanna der Kratiklpe im Hsg^MogebiYgD* Beitr. 
Pal. (Est.-Dng. vol. xxii (1909) p. 271 & pi. xiii, 10-18, pk xiv, 1-2, 



part 1] or the rhalek-with-^ beef.’ 77" 

statement ^ that the genetic connexion of the Middle Lias ‘ Oym^ 
hiten’' r/lohosita with the group of ‘ jiyasHicffyas' IcBolyatum seems 
evident cannot now }>e accepted, and Ponipeckj’s proposal to^ 
include in a polypi lylctic genus ‘ Gynihiifu^ ’ all the forms from 
Dumortior’s AnunoaltaH Icsvigatua {uol Bowerby) of the angulata 
zone, up to the externally” similar species of the Middle Lias, is. 
ecpially objectionable. 

It oven seems probable that the presumed earliest ‘ GynibUea^ 
namely, the form iigurod by Lumortier,^ like Ammonites semi- 
cost ida ins (Iteynes) Wahneiy^ is only a hommoiuorphous develop- 
ment of a Caloceratid stock, wherefore a diiferent generic name 

lioi'ocyMiifTii:.^) becomes necessary, the genotype to be Wahner’s 
Alpine fonn (jP. Wu-ii/iNEJtJf nom. nov.) with ornamentation diferent 
from that of Gymhites. 1 may here add that I would include in 
the family to which Protoeymbites belongs, namely Caloceratidse- 
(ece PsiloceratidjB), also the new genera Paracailockras nov. 
[genotype : Arietites coregonensis (Bowerby) Wahner^ of horizon 
« 3] PsiciiXKTOMOCERAS [genotype: Arietites ahnormilo-- 
bat us Wahner®] as well as the genus Tmcegoceras of horizon n 2-3, 
all of which resemble later time Arietids. This genus Tmcegoceras 
of course has nothing to do with the Hildoceratid genus Teuka- 
dielht^ nor have the otlier Hildoceratid genera Precliiella, 
AcMlleia, and Paronlceras any connexion with Arietites or 
Agassi cerus, as Carl Itenz^* thinks. 

CymbifeSf then, is a simplified development of an Arietid stock 

Tipariiiocerus’*'), and characterizes the lower part of Oppel’s. 
original obfusus zone. Buckman’s family Oymbxtidee,^ which, 
besides Gymbites (by him considered to be an ‘anamorph,’ not a 
* oiitamorph ’) include.s two Hildocemtids (PrecIiieUa mid Paroni’- 
oeras), and one Grainmoceiutid {JIxMestonia) must be rejected. 

Gymbites l^oigatus (Bowerby) occurs in the b?*ooki bed (74 d) 
below, in the /^/rcAz'-tabular (7(>) above, and at one intermediate 
horizon (74r), 9 feet below the hircJii-nodwlm: Led. In the 
Black Arnioceras LimeBtorifd^^^Jtartmanni bed (74 f) 3 feet above 
the hrooki bed, among countless young and smooth Arnioceras of 
the harimann i group, at that slige close to Arnioceras nigrum 
(Blake), and innumerable small JStraparollus that, at first sight, 
might be mistaken for immature ammonites, only one minute- 
globose form of Gymhites (?) was discovered. 

In the broohi hod, Gymhites leevigatus is associated with a 
similar globose form (which is neither glohosus n nor globosus 0i- 

J E. Haug, Neues JTahrb. vol. ii (1887) p. 99. 

* ‘Ktudes Pal<3ontologiques sur les i>^p6ts Jnrassiques du Bassin du 
BhAno* vol. i (1864) p, 116 &> pi. xviii, figs. 6-6. 

» Beitr. Pal. CEBt.-XJng. vol. iv (1886) pi. xxvii, fig. 12 only. 

^ thid, vol. Vi <1888) pi. xxii (xli), fig. 1. 

^ Jhid, vol. V (1886) pi. xxiii (xxxviii), fig. 6 only. 

^ *Neuo Arton aus dom Hollenischon Jura, &o.* in ‘ISTeuere Fortsohritte 
in der Geologie & Palaontologie Griechenlands * B, Zeitsohr. Deutsoh. GeoL. 
Gesenach. vol. Ixiv (1912) p. 600. 

^ * Yorkahire Typo-Ammonites * vol. ii (1919) p. aiv. 



JO PE. I.. F. SPATH ON THE AMMONITES [vul. Ixxix, 

•of Quensteclt, but is immatm*e) and with a comi>ressed variety of 
the same species. The numerous young Ariefifes that occur with 
these forms develop carina and eostie at a very early stage. 

. In the len tides 9 feet below the /-nodular, and in the 

•5 /-tabular, the Qymhites are associated witli young 
•deroeeras that remain smooth or striate to a considcMtible <liaiuet(*r, 
-and can be distinguished from Gymbites chiellj?' by the complex 
suture-line, the regular coiling, and the striation when the test is 
preserved. On the other hand, the />/>£?// /-tabular contains a form 
•comparable to Oymhites(J') semicosiuhttuH \l{;tywh^ {non Wahncr) 
,sp.,^ distinguished from the j’^oung of !Kipherocera^ by its greater 
thickness and comiDarative smoothness. It may bti nott*<I that a 
-small malformed cxamj)le of a M. hiyclii from the /;/rc*///- nodular 
has acquired, after an injuiy, the outer whorl of a Oymhitm 
Idsmgaius^ though the mouth-border has a raised liji all round, 
not a prominent ventml lappet. 

From the evidence of Dr. Lang’s collection, Gymbifoa len'/yfi/ns 
would api>ear to he confined to the beds 74d-~7is ; but there is a 
loose block in my collection that eonhiins the typically excentrum- 
bilicate Gymbites leemgatus^ in association with X-ipheroceras of a 
late type ; the block probably came from a bed not yet located 
higher than the /-tabular. The Gymbites (.'^) found ‘ in place’ 
.above the &/^c7j /- tabular ai*e small globose forms, that occur also 
with the Marston Xipheroceras planicosta (typus) ; in tlie 

Aster oeeras-smithi Bed at Lyme, of the same age as the Marston 
Marble ; and in the (87) Brachiopod Limestone (No. lOUJl, Coll. 
"W. D, Lang), hut these may be young Asteroeeras. At least, the 
•examples that I have dissected are comparable to the young of 
Asteroce7'as obtusmn ; whereas the development of Gymbites 
yatus resembles that of (for instance) Arnioceras nlyrum. None 
• of these later forms has a constricted mouth-border or scaphiioid 
body-chamber, and it may be noted that the forms from Lias^j 
and included in Gymbites by Pom|3eckj, iianady Quenstedt's 
’4ig, 46 of pi, xxii, and fig. 38 of pi. xlii, also probably have nothing 
to do with the Imvigatus group to which Gymbites is here restricted. 
Mr. Linsdall Richardson’s ^ * Gymbites globostts ’ and * G, cf. 
perso7iatus (Simpson) ’ are equally doubtful. 

(G) Genus Sulciferites S[)ath. 

The family Sehlotheimidie, derived from Psiloeerathhe by way 
•of TVceJineroceraSf is represented in the materia! here desert l>ed by 
species of Sulciferites, to which genus were refen*ed ♦ meitiliers of 
the group of ScMotlieimia suleifera S. Buckman»^. suicatm 
J. Buekman, non Simpson, the genoty|)e being that siteeies to 

^ * Monographie dee Ammonites * 1879, pi. xxxi, fig«, 27-29. 

^ * Ammoniten des Sohwabischen Jura’ 1883-85. 

» In S. S. Bnokman, ‘Jurassic Chronology I.: Lias.— Sappi I’ Q. J*O.S« 
voL Ixxvi (1920) p. 81. 

* Ahs, Proo. Geol. Soo. No, 1079, January XSih, 1922, p, SO. 
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which an example in the Natural History Museum (C 16416) 
from Welford Hill (Grloucestershire) belongs. The true Scklot- 
keimza attains its maximum development in lower huchlandi 
times, with greeno'itghi (Sowerby) and allied gigantic forms. 
The much later Siilciferltes, representing Mr. Buckman’s ‘ second 
wave of ^chlotheiuUa,'* developing such highly specialized types 
as 8» houcaultianus (A. d’Orbigny) and therefore not a ' cata- 
morph,’ represents an independent development, probably of 
the same stock. It is possible that ‘ jLngizlaiiceraB ’ of the 
oxgzioUis zone, Mr. Buekman’s ‘ third wave of Schlotheimia ’ is 
referable to yet another branch, although its connexion with 
the family Schlotheimidai is uncertain. ‘ ScJtlofheimia ’ sulcata 
•(Simpson non J. Buckman) belongs to this last group; but 
S. dumortieri Fucini (=^. deleta Canavari?), included here by 
Mr. S. S. Buckman, is considered to be a Sulcifei'ites of an 
•earlier horizon. 

Bulciferites probably represents a development of Sclilotheimia 
ventricosa (Sowerby) and 8, posttaurina (Wahner), which are of 
rot if or me age.^ In areas where the intervening scipionianus and 
^auzeanus zones are developed, as, for instance, in Skye, Yorkshire, 
.Saltrio, or Alsorakos, no 8clilotheimia ax*e found that might form 
.a satisfactory connecting-link, although in Warwickshire, as 
already stated, 8chlothHmla. of the charmassci group are associated 
with JSpammouites of the hnchlandt beds. Hyatt considered 
^ Ammonites charmassei Hauer ’ and ‘ uSSgocez'as ’ temiicostatum 
Herbioh (the latter united with 8chlof7ieimia maz'morea by 
Vadasz), to connect the Sohlotheimids of the lower hiicTclandi 
zone with the later 8. angustisulcata and ‘ 8, laeunata ’ of Geyer ; 
and Wright assumed 8. houcauUUtmts, known only in one British 
(Lincolnshire) example, to be a direct descendant of Sohlotheimia 
^harmassci of the lower huchlandi zone. In reality, there is a 
vei'y considerable gap between the SchlotJiei mia of the huchlandi 
zone, especially the extra- Mediterranean forms, as, for example, 
8. angulat aides (C^uenstedt) from Wurteinberg, the horizon of 
which is known, and the genus 8ulciferites of the lower ohtustcm 
zone. * Sohlotheimia ’ d'' orhignyana Hyatt in Schmidt,^ from the 
Harzburg Ironstone, somewhat bridges this gap, though its exact 
hoidzon is unknown ; and derived fragments of 8. angulata still 
occur in bed 1 of tlie Harzburg Ironstone with Jigassiceras 
sauzeanum ; 8. charmassei also has an intermediate position. All 
the forms figured by Fucini fi’om the Lower Lias of the Monte di 
Cetona may be Sulciferites, On the other hand, Sohlotheimia 
august isulcai a Geyor,® a Hierlatz form, is not included in Sulci* 
ferites, its suture- line being of quite a difEerent type and not 
simple like that of the genotype of Sulciferites. .Now, Geyer 

1 F. WShafir, Baitr. Pal. CEst. Ung. vol. iv (1886) p. 200. 

® Palaeontographioa, vol. Ixi (1914) p. 37 <fc pi. vii, figs. 2-5. 

* ‘ XTeber die Liasiaohen Cephalopoden dee Hierlata bei Hallstatt * Abhandl. 
X. K, Oeol; Iteicbsanst. vol. xii (1886) p. 258 & ph iii, figs. 24-25. 
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stated that his /S', an^usfisulcafa occurred io the sanuj hloek with 
ArietHes semilesvis (Hauer), which (according to Oppel ) is an 
Arietid of the tuberculatzis zone, and, indeed, is grou|a.*d with 
species of A?vtwceras Geyer, Oxt/nofief^ran o,rif}u>fHs, however, 
also occurs in the same block with An't^tife^a ami both 

are associated (as, for instance, at Station IV, jxKsition No. o) 
with Deroceras hispinatum (Geyer) and Hclilofhehnia 
Hyatt ( = /Sf. lacunatn Geyer non J. Bucknuin), also <d’‘the 
oofynottis zone. The Sc7ilotyt&i’)7ii/r oi the mixed H icriatz deposit, 
then, cannot be accurately dated. Sinulurly in the Ligurian 
Aj)ennines (Spozia), where numerous species ol ^vhlofhrhnia occur 
in the lower beds with limonitic ammonites ( intytinfomn to 
rotifoT7ne zones), only /S'. houcauUiana and * HMotheinua sp. 
indet., cf. geyeH H3^att ’ have been found in the npptrr shales 
with abundant When refiguring ^ A, in 

the Palaeontologia Universalis, Mr. S. S. Buekinan ptiinted o\ii 
that *8ulcaUis^ -lihe forms had been mistaken for true Schlotheimin 
of the angulata-QVOxvg.t and he suggested that 

‘the record for sulcatus and allies should bo Lower Lias, Kinomurian, 
zone of Amioceraa semicostatum, neighbourhood of Cheltenham, in sanio ImjiI 
with A. hodleyV (1904, p. 39a & pl. xxxix.) 

Various Gloucestershire species of Side if e rites in the Tomes 
Collection (Natural History Museum) are marked ‘ with A. birch d 
(including the specimen on which the genus is based) or ‘ with 
A. brooki^ ; but, as already mentioned, these Gloucestershire 
' hroohi ’ fragments do not agree with the true Oharmouth hronki. 

Arnioceras comparable to J. Buckman’s A. bodUnji oeanr at 
Oharmouth in the alcinoe bed (70c), and Amioceraa cf'. nodifionam 
(J. Buckman), the horizon of which was considered by Mr. S. S, 
Buckman^ to be ‘presumably the same as that of A. fmdfei/i, 
namely the semicostatum-zoxie,^ occurs in beds 70 h and 72 <? &' F, 
wherefore the Stdeferites here referred to ^ Aainwni tea aidratm ' 
IS. sulcfer'], despite their crushed condition, may lie assigned io 
the Gloucestershire species. 

The genus SulciferiteSy at Oharmouth, seems to l/e restnehx! to 
a portion of bed 73 (that is, the 6 feet of shales below * iiittle 
Ledge’). S. sulcifer is the latest species, ranging frouji bcnl 73 m 
to 73 p; S. cf. angustisulcatm (Geyer) Tillmann sp.» is the 
earliest, namely in beds 73 f to 73 h. S. cf. dmnoHieri (Fueini)^' 
{y=iA. lacunatus Dumortier® non J. Buckman) occupies an inter- 
mediate position (73 j~73 m), as it is also inteniiediate between 

1 A. Puoim, ‘ Sopra gli Soisti Lionati del Lias Tnferioro dei I>mtoTOl di 
Spezia ' Atti Soc. I'oso. Soi. Nat. Pisa, Mem. vol. xxii (190(J) p. 130. 

Pala3ontologia Universalis, 1905, p. 77 a & pl. Ixxvil. 

® ‘Uie Fauna des TJntereu «fc Mittleren Lias in Nord A MitteLPoru * 
Keues Jahrb. Beilage-Band xH (1917) p. 670 A pL xxi, fig. 2. 

^ ‘ Cefalopodi Liassioi del Monte di Oetona ’ pt. iii, Pal. Ital. toI. ix (1903) 
pl, (xxxv), fig. 9. ' / 

^ ‘Etedes Pal^ontologiques sur les B^pdta Jnraasiquea du BiMain da 
Bhdne* vol. ii (1867) p. 120 A pl. xxi, figs. 18-20. 
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the other two forms in the diameter of its costation. Canavari ^ 
included Dumortier's form in liis ^ JEgoceroi^’' deleUcm ; but, since 
it is doubtful wliethor tlie Spezia auinionite is the same species as 
the French, Fueini’s name is hero adopted. Poiiipeckj \vi*ongly 
included Duiiiortier’s much earlier form in Bclilotlieimia laciinata 
(J. Buckman), of the oxynolm zone. 

(H) Genus Mtcrodei'oceras Hyatt, 

The earliest forms of this genus, ajiparently close to 21, hirclii 
(Sowerby) but not well enough preserved to be definitely identified 
therewith, occur at horizon 74 g, 18 feet below the main hirclii 
bed. About 18 inches higher, in 74 j, was found a crushed 
JKicvoderoceras (No. 4346) with two closely-approximating rows 
of tubercles at a comparatively small diameter ; whereas, for 
instance, the form figui'ed by Quenstedt,^ of which the mode of 
preservation indicates the hirclii (nodular) bed as the source, 
has the outer whorl with two rows of tubercles close together, 
but the inner whorls almost smooth to an exeeptionall}” large 
diameter. It is noteworthy, however, that forms appai'ently 
indistinguishable from the badly-preserved example of bed 74] 
occur in both the 6 zrcTt /-nodular and the /-tabular beds. 

Specimens of 2£icroileroceras from horizons 74 Ic, 16 feet below 
the hirclii (nodular) bed, and 74 m, 14fi feet and 14 feet below 
tlie hirclii bed, also a more closely costate variety from 74 o, 
lO.J feet below the hirclii bed, are all too young or too badly 
preserved for exact specific identification. In bod 74 r, 9 feet 
below the hirclii bod, the ammonites, including jirietites and 
Cymhiteis, arc again pi*oserved in calcito, as in the hirclii bed, 
and not as crushed impressions in shales ; but the Microderoceras 
are all small. They include one curious form having a single row 
of median lateral tubercles at the diameter of 15 millimetres. 

Crushed impressions of 21icroderoc€raii occur again at distances 
of 2 feet, 18 inches, 15 inches, and 14 inches below the hirclii bed; 
but the maximum development of the genus is in the main hirclii 
(nodular) bed. Whereas all the earlier forms of 2£icroderoceraSf 
with the exception of fragments from 18 inches below this bed, 
are small, the numerous specimens of J/". hirclii in the hirchi^ 
nodular, including those figured by Sowerby,^ Wright,® and 
Reynas,® attain large dimensions. It has already been mentioned 
that the only other ammonites in this 5^>c7i/-nodular bed are 
QymhiteB and Arietites of the plotti group, although the latter 

* ‘ Beitriige zur Fauna dea Unteren Lias von Spezia ' Palceontographioa, 
vol* xxix (1882) p. 166 (44). 

® * Beitriige zu oiner Beviaion der Amxaoniten des Sokwabischen Jura * 
pt. i, Jahresh. Ver. Vaterl. Naturk. WUrtt. vol. xlix (1 89S) p. 237. 

* ‘ Ammoniten dea Sokwabiacben Jura " 1883, pi. xviii, fig. 1. 

* * Mineral Conckology ’ vol. iii (1820) p, 121 & pi. oobevii. 

* * Monogr, Brit. Lias Ammonites* Pal. Soo, 1882, p. 832 <Sb pi. xxiii. 

* * Monojyrapkie des Ammonites * 1879, pi. xxxviii. 



have not been foinul by l)r. 3-.un^. It is htttMvstni^^ tt> nMt<* that 
many of. the t*xain])les oi! JlivnHfrrtfrrtuta hh'vhi an* iiialfuriraMl. 

In the * /-tabular ’ IhhL iiniiaMliatfly almvit th<* hhu*hi~ 
ntulnkr, the number of individuals of JL hirvhi is vorv jjfreal ; but 
they are t^onerally of small dinioiisitais, and assoeiattnl with 
AriHites iunirri and Alpht fovn'tm. 


(I) Genus Xiphet'oceran S. S* Bu(*kiniui. 

This geims is abundantly rt*|»rt‘S4*ntt*d in tht* ‘ ///>v*///-talMdar * at 
the iii>t)er limit of the sect i< in ht*re <b‘s(*ribed. I1ie 4*onnnones1 
form has an oval compressed set*1ioii. and may be blent i<*al witl 
the crushed Ammotuiva vaprivornaitltH of < 2 uenstt*dtd for this alsi 
seems to have the ventral diffenmtiation of the e«»stje far les? 
pronounced than the later Alphrnwf iUfn plttnieoafa ) \ 

that is to say, there is neither a distinct latero-|)eri}»hei*:il an^le, iioi 
appreciable flattening of the costa* on the venter. 'Phe innej 
whorls may remain smooth or slightly striate to a taunpamtiveh 
large diameter, and conse(|uently distinction t>f very younjj 
examples from the equally smooth MicrQiIerocenm hirchi^ witi 
which they are associated (biit which has a much more coniplo 
suture-line), is not always easy. The inner whorls, however, art 
rather variable, as they are in the later A', planicosfn^ and stunt 
examples, transitional to the true AT* plant costa ^ occur already ii 
the ‘ 62>c/i/-tabular.’ 

Both the genus Xipheroceras and the less simplidctl Mivra- 
deroceras, dealt with above, are included in the family Ilerocemtiihe 
It is probable, as Prof. Haug thinks,- that this family is (b*riv<*<] 
from Lytoceratidse, and has no connexion with, for example, Para^ 
ealoeeras cenfauroides (Savi <& Moneghini), ri‘murkabb‘ for 
^retarded’ inner whorls, with which, after Canavari,'^ I was at om 
time inclined to connect Microderoceras:^ 

The suture-line development of both Xipltcroecra« an<l Micro- 
deroceras was worked out, and the suture-line of M. hirchi^ al 
25 mm. diameter, shows great resemblance to that of, for iiiHtaitee. 
Xctocentrites herbieJii (Bonarelli) as figured by Vadas/.,^ whereaf 
in, for example, Deroceras [^Derol p loeerasf'] peach iolU (Menegldni] 
Pueini® the oblique second lateral saddle is indicated, althongli 
the high siphonal lobe still retains its Lytocemtid chanu*ter. At ii 
diameter of 10 mm., the sutiu'e-line of" M. hirchi is close to that 

1 ♦ Ammoniten des Sohwabischen Jura ’ 1883, jd. xvii, %. 11, 

2 ‘ Traits de Gdologie ’ vol. ii, fasc. 2 (1910) r». i>50. 

s Op, cit 1882, p. 190 (68). 

^ ‘Notes on Ammonites’ Geol. Mag*. 1919, p. 176, 

® * TTnterliasisohe Fanna von Alsdr^kos, &c.’ Mitt. Jahrh. K» Vng, Oeol 
Beiohsanst. vol. xvi (1908) pi. ix, fig. 4a: 'ASyocerait adnethicum (Haa«r' 
var. inuolutat nov.’ * 

® ‘ Oefalopodi Liassioi del Monte di Cetona ’ pt. Hi (190S) p. 179, pi xxif 
(XXXV), fig. 12 & pi. xxvii (xxxviii), figs. 3-7, p. 181, texi-fig, 102, (The genui 
Derolytoceras Rosenberg ought really to include only the llomerian form* ) 
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of JT. planioofiia, as figured by F. von Hauer.^ The latter, how- 
ever, has a eoinparatively small first lateral lobe, wdiereas the most 
striking feature of the development of the suture-line in Micro- 
ilcrocera^ is the width of tlie princiiml lobe. JCiplierocercts, then, 
may be a simplified branch of the same stock, rather than con- 
nected with A(j(tsHiccras^ as 1 at one time thought probable.^ 

In North-Western Europe: that is, outside the Mediterranean 
province, Deroceratids, unfortunately, are exceedingly rare in pre- 
bircJii times. Three fragmentary specimens of a form comparable 
to Ammonites circumdatvs (Martin) J^eynes’^ from Welford Hill 
(Gloucestershire) in the Tomes Collection (B.M. C 17265-07) are 
the only British examples that I have seen. The age of this form, 
however, given as ^ btichlamlid in Keynes, is doubtful. 

JEJctocentrites adnethicum (Hauer) is of Sinemurian age, and 
has nothing to do with the genus Anisolohoceras 'Trueman ^ or 
the family Liparoceratidje. It may also be added here that 
JSctocentrites still occurs in the ^ulciferites-Arnioceras shales 
of Spezia. 


(J) Summary of New Names. 

Metacymbitbs, gen. nov. (p. 7C). 

Genotype; Ammonites centriglohus Oppel. 

Protocymbites, gen. nov. (p. 77). 

Genotype: P. nom*rioyr,=iAriefitessemico8tr(laH(>s'W’i^riQT 

non Reyiii’S sp. 

ParacaiiOoebas, gon. nov. (p. 77). 

Genotype ; Arietites coregonemsis (Sowerby) Wiilmer. 

Pseud JETOMOCE BAS, gen. nov. (p. 77). 

Genotype : Arietites nbnormilohatus Wiihner. 

Hypastbrocebas, gen. nov. (p. 84). 

Genotype : Asteroceras ? ceratiticnm Fueini. 

Slatterites, gen. nov. (p. 87). 

Genotype : JEgoceras slatteri Wright. 

Agassiceras jRErNXsr, nom, nov. (p. 72). 

ss Ammonites multicostatus Sowerby, var. spinaries Quenstedt, in 
Beyn^s. 

AEtomfwceras DEoiPism, nom. nov. (p. 72). 

^Ammonites midticostatus Sowerby in Simpson= ‘ Agassiceras sp. 
in Buokman. 

Arietites psEUDOBONErAnm^ nom. nov. (p. 76), 

isz Arietites honnardii (Wright non A. d’Orbigny). 

^ ‘Ueber die Oephalopoden aus dem Lias der Nordostliohen Alpen" 
Denksohr. K. Akad. Wissensch. Wien, vol. xi (1856) pi. xvi, fig. 6 (fA^ plani- 
costatus* Sowerby). 

s Geol. Mag. 1919, p. 176. 

* * Monograpbie des Ammonites ’ 1879, pi. xxviii, figs. 19-22. 

* ‘Evolution of the Liparooeratidm ' Q. J. G. S. vol. Ixxiv (1918-19) 
p. 268 A p. 286. 


o 
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[VOl. IXXIX^ 


(K) General lietsults. 

The distribution of the ammonites in the »Shales-vvith-lk*ef is 
summarized in the table facing this page. It will be s<‘en that the 
family Arietidie is dominant througlio\it, as it is for the whoh^ of 
the Lower Sinemurian. Of the live genera of this fainih , two 
range up from beds below the limits of the s€*ction hero tlo-serihed : 
nsLinelj, A^assiceras and Arnioceraa la/o). The true 

Arnioceras (including the well-known A, gcom^^tricinn)^ in fact, 
ehamctei’izes beds in tlie btialclandl zone very consideraldy below 

Aga8$icera8 beds; on the other liaial, the very late A. E par- 
nioceras ’) semicoataticm, which in nmseuin specimens iKanirs 
associated 2Lip>1ierocer(ts, has not yet been found in plac«%iind 
may prove to belong to beds even higher than the highest Anuo- 
ceras bed of the table. Arietifem and Ct/mhilaa ninge u}) into hetis 
above the limits of the section here described, but proliably not very 
high, for Asteroceras soon becomes the dominant Ari(*ti<l gcnns. 
The only Arietid genus, then, proper to the Bhalcs-with-lktcf is 
JPararnioceras, here considered to l>e a sj)ecialized offshoot of 
Agassiceras, It is also the only genus in these shales that 
commonly reaches large dimensions, although one fragment of an 
Arietites hrooM of gigantic size has been found by I>r, I/ting in 
the hrooki bed, and large Mierodef’^oceras^ of course, occur again 
in the ^^frc^f-nodular, near the top of the section. 

The Schlotheimid genus BulctferUets and the two Deiwau'siliil 
genem M^icroderocerm and JSlipharocerm must he looked upon as 
cryptogenous genera (in Neumayr’s and Hang’s sense), which have 
probably immigi’ated from the Mediterranean Provimn*. 'riio 
enormous quantities in which some of these shells, as, for example, 
Microderoceras hircJii, are found in certain beds, including all 
stages of growth, indicate that the organisms lived oii thi* spots 
where their shells now occur, and that there was no ‘transgressive 
distribution’ of drifted shells from otlier regions, as Prof. J. 
Walther heldA 

As regards the two Heroceiutids, it has already been mentioned 
that the Mediteri-anean genem Eetoceniritan and Demlgtaverm (f)^ 
with which the family Deroeemtidae is here connected, occur at 
Spezia and the Monte*di Cetona in beds yitdding abundant Arum- 
ceras and tSulci/erifes. It may be assiiined that these Infds aw 
homotaxial, if not actually isochronous, with the Dorset stnita. 
Other new types found in Italy, however, as, for instance, 
TEROCEiiJiis^ gen. nov. (genotyi)e: Astemcera^t (f ) cffratiiicum 
Fueini, pt. iii. Pal. Ital. 1903, pi. xxiii, figs. I e) or the forms 
probably misidentified as * Vermiceran^^ make it ap|>ear prolmble 
tliat the succession between the Agassi ce^raM-snuzmnum lasts 
below and the Xipheroceras-planicmia l)eds above is more com- 
plete therj than it is at Charmoutb. For the present, however, it 

‘ Einleituzigr in die Oeolc^ie, Ac.* pt. ii (1893) p. 518. 
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need only be pointed out that Prof. Haug^ already recorded this 
appearance of cryptogenons tyj^es at the base of Ins Lotliarin gian 
(namely, his zone of Microdcroceraa birchi, in which he includes 
l^m'(t7')iioceras nodosa ri as of the aJclma bed). 

Now, the appeai’ance of such new types is often due to changes 
in the shore-line or transgressions of the sea. ISuch, however, 
cannot be proved in the present case, althougli there may be dis- 
continuities in the succession in Dorset, as, for instance, at the 
horizon of the aldnoe bed, which, with its large ammonites, 
presents the appearance of a condensed stratum, suggestive of 
I'edeposition in sitUy and is the only bed in which Dr. Lang found 
a (*of the G, incia'va facies’). Other beds of friable 

marl occurring sporadically in the succession may also indicate dis- 
turbance by current-action or periods of temporary emergence. The 
neighbouring Mendip axis, of course, was continually oscillating, 
and the mixture of Agassiceras and A^miocei^as with A^netites 
and 3Iicroderoceras (known from parts of Gloucestershire where 
Fararnioceras seems to be absent) suggests a composite bed with 
several non-sequences above the sauzaamm subzone, due to this 
continual movement. That is to say, in Gloucestershire there 
probably occur only a few remnants of the various horizons here 
described. In any case, the series of beds under consideration 
represent a shallow-water formation. During the intervals of 
submergence, there was in Dorset rapid deposition, indicated by 
the crushing of the shells; and some layers j)articularly rich in 
calcium carbonate may have formed concretions or continuous 
limestones, after the manner of those that Prof. Walther ^ records 
as forming between the tide-marks at Suez. 

The fact that ammonites are common in these shallow- water 
formations need not cause surprise. Many ammonites probably 
lived very much like the recent Nautilus, chiefly cmwling at the 
bottom, but able to swim well and quickly, and doubtless most of 
the ammoxiite families had their home in the comparatively shallow- 
water regions of the continental shelves. Ly toceratidse and Phyllo- 
ceratidse were px’obably pelagic, and preferi’ed warm surface-water 
or currents ; which supposition may explain why they are not 
confined to the Mediterranean regions, but occasionally became 
abundant elsewhere, as in the Yorkshire Upper Lias or the Dorset 
Inferior Oolite, in neither of which ai^eas the water can have been 
very deep. On the other hand, the bituminous chamcter of some 
of the shales and their occasional richness in metallic sulphides 
might suggest that the conditions were like those prevailing in the 
Black Sea at the present day : namely, a superficial layer of water 
of low specific gravity, with abundant nectonic and planctonic 
organisms, and * regions of death’ below, rich in salts, poor in 



oxygen, and poisoned by li3''drogeii sulphide.^ In siiolt bituminous 
shales, only nectonic or pelagic forms of ammonites would 1 m‘ 
expected to occur. Now, in the Suabian l^oaiffonomi/n Shales, 
which Pompeckj ^ considered to be such a ‘fossil Black Sea, 
Dacfyliocercts is throughout*^ by far the commonest ammonite, 
although the probably pelagic JPhi/llocf^raH and Lifiocrnts ami 
nectonic Harpocerates are also numerous. The oceurrence of beds 
of maximum abundance, including ‘nests’ of immature ammonites, 
alternating with layers in which these fossils an^ rare, then tht‘ 
occurrence of nodules or limestone>bands in places in llic su<*cession 
make it probable, of course, tliat in an enormously long inttu’val 
of geological time, conditions like those in the Black Se^a wen? not 
continuously persistent. I would assume a ‘XautiIoi<l’ mode oF 
life for both Dacti/liocerns and at least those Arietuhe that luul 
not developed a smooth, symmetrical, oxyct)iie shell. 

On the east, of course, the Liassic sea terminati*d against an 
old land of Pabeozoic rocks, now underlying the London Basin, 
and continuous with the Ardenm)-Rhenaniau isle farther east. 
A. de Lapparent^ and P. Lemoiiie” traced the southern .shore-line 
of this land from Dorset by way of Normandy, where the Lower 
Lias apparently has not yet been zoned in detail, across to the 
Ardennes, and Oppel ® before them stated that his Buahian 
fub&rcidattis bed agreed, both mineralogieally and |ml«eontologi- 
cally, with that of Avallon (Yonne). From the identity of the 
micro-fauna of Wurtemberg with that of Prance, and tlie fact 
that the whole of the Lias a, in all its horizons, sliows a similarity 
with that of Prance, increasing the fai’ther one departs from the 
eastern and littoral facies of the Suabian Lias, Issler eonchules * 
that the Black Porest and the Vosges were covered by the sea. If 
so, there was a continuous sea from Suabia to Dorset on the one 
hand-, and by way of Franconia and Prussia to Lincolnshire on the 
other ; for the Scunthorpe Ironstone shows great rcscmhlanee to 
the Harzburg Ironstone of North G-ermany. Issler also assnmeH 
that in Wurtemberg the tiihemulatHa bed and succeeding oil- 
shale indicate a retreat of the sea, already begun in Up|H‘r Coroni* 
ceras times, and the formation of <]uiet hays of the sen, with 
abundant crinoids. It may be noted, howev(»r, that the apm^nmnee 
of cryptogenous elements preceded that renewed inrush of the sea 
which brought about the change of facies represented by Lias /3, 

^ J. F. Pompeckj, ‘ GeologiHche EinfliiHHo auf <lio Geuohiohte des Labetis * 
Sitz. Ber. Preuss. Akad. Wisseasch. vol. xxxiii p. 680. 

® * Das Meer des Kupferschiefers’ Branca Featfiohrift, Iielpisijf, 1914, 48L 

•* B. Haalf, ‘ Untersuchang der FoBsilfundstatten von Holxmaden, * 0 / 
Palaaontographioa, vol. Ixiv (1921) p, 24. 

* ‘ Traits de G<Sologie ’ 5th ed. (1906) vol. h, p. 11 17. 

® ‘ Geologic du Bassin de Paris ’ 1911, p. 83. 

^ ‘Die Jnraformation Englands, Frankreiohs & des S.W. Dentsohlandfl ' 
Wurtt. Naturwisseasch. Jahresh. vol. xii (1856) p. 167. 

7 ‘ Beitrage zur Stratigraphie & Mikrofatma des in Bobwaben * Paisa- 
ontographioa, vol. Iv (1908) pp. 19 & 20. 



Tiioro iqipoars to bu good foundation for Mr. vS. S. jBuckman’s ^ 
eonclusion tlmt dissimilar faunas in general are the results of 
dejx)sition at different dates. Of eourse, the same species, in 
various localities and under different conditions, may undergo 
alterations in characters and ske, and when there is isolation, a 
stoek may develop special local features. 

Isolation suggests itself as a cause for a development like 
b^LATTERiTEs alattepi (Wright) (gen. nov,, genotype : Natural 
History Museum, G 0091 = Wright, jd. 1, ilgs. IS, 8), which take>s 
on a broad venter after an oxynote perijdiery ; but tlie (oa^i/?iotus') 
horizon of this form is doubtful, and it is still possible that it may 
not be of the age of supposed contempoi’aneous beds in Dorset or 
Yorkshire. On the other hand, in the Mi crust er cor-testndinarium 
Chalk of England, ammonites are unknown, whereas they occur in 
the same Chalk in the North of Era nee; and I have pointed out 
elsewhere® that a study of the distribution and dependence on 
facies of the two fundamental stocks of ammonites (Lytoceratidai 
and Phylloceratidse) will show that ammonites may have a strictly 
limited horizontal distribution. Thus, the genera Mcfocentrites 
and Derolyfoccrcts, from which Deroceraticbe are here considered 
to be derived, never left the Mediterranean Province; and, since 
they persisted throughout Lower Liassic times, it is clear that their 
absence in North-Western Europe cannot be due to ‘stratal failure.’ 
For the majority of ammonites, however, diffei^ence of facies seems 
to have little influence on distribution, although it must be remem- 
bered that recent nectoiiic forms witli highly-developed organs of 
locomotion may show less inclination to migrate than benthonic 
molluscaJ^ 

Now, between Dorset and Wurteinberg, deposits coiTesj^onding 
in age with those described in the present paper do occur occasion- 
ally, and probably are represented, for example, in the Upper 
QryplhGsa Beds of Auxerrois and Morvan, whereas the beds witli 
JBeienmites acutus of the neighbourhood of Nancy and of Alsace- 
Lorraine have been correlated by J. A. Stuber*^ with the tuber cu-- 
latus zone in Suabia. In other areas, of course, as, for instance, 
the neighbourhocxl of St. Amand (Cher), the fossiliferous zones of 
the Sinemurian seem to he absent.® Failing a continuous sea 
throughout, there would then have been an archipelago at every 
emergence and submergence, causing larger unconformities ; where- 
as the local non -sequences and phosphate-beds® may be largely 
due to current-action. Later periods of erosion, however, compli- 
cate the picture. It should be noted that even in Wurteinberg, 

^ * Jurassic Ohronologry i I — Lias * Q. J. 0.S. vol. Ixxiii (1^1 7-18) p. 278, 

* * On Cretaceous Cephalopoda from Zululand * Ann. S. Afr, Mas. vol. xii 
(1921) p. 271. 

® J. Walther, ‘ Einleitung in die Geologie, &o.' pt. i (1893) p. 190. 

* ‘ Obere Abteilting des Unteren Lias in Deutsch-Lotbringen ’ Abhandl, 
Ceol. Spess. Karte von Elsasa-Lothringen, vol. v (1898) pp. 17^75. 

* A. de Lapparent, * Traits de C^ologie' 6th ed. vol.ii (1906) p. 1116, 

* L. vonWerveke, ‘ Phospboritzone an der Ghrensse von Lias A /5, &o.’ Mitt, 
GeoL Landesanat. Blsass-Lothringen, vol. v (1908) p. 847. 



thu fauna of which country is perhaps better illustrated than that ot* 
other regions, only one doubtful form Jhleayirii oltjvx 

Quenstedt \_p(trs]^ represents the abundant Arnioctrait hiiina (li- 
the period. Faunas so poorly px’eservecl as that of the Ofhrrvtdfthiit- 
shales of Wurtemberg have unfortunately not reefuved ^ nincli 
attention in the past; but, in order to arrive at a more satisfactory 
correlation of the Lower Lias deposits in the various ar<fas, it is 
necessary to collect, with the care and diligence that Dr. Lang has 
bestowed on the Dorset coast, what (at lirst) looks Hke unju’oniising 
material. 


Pahi' III. PETiiOLOuv. (Dy W. A. K.) 

(A) Laminated Shales, 

Shales, which are minutely laminated at tine outcrop, hut appear 
massive when traced inwards, have been described in Part I (p, 5i^). 
The change is accompanied by ])rogrL*s.sive Ideaching toward.s the 
weathered surface, and by the deposition of minute, platy ttrysials 
of selenite between the laminae. This bleaching .suggests that the 
development of lamination has been accompanied by a loss of 
certain constituents of the shales, such as carbon (or hydrocarbons), 
and also (as indicated by the appearance of gypsum) of iron- 
sulphide. Thus the weathering of the shales has produced a 
diminution of volume, and the resulting contraction, by separating 
the individual lamina?, has revealed the minute internal structure 
of the shales. 

It may he noted that similar develo 2 >inent of lamination may be 
seen, for example, in tbe liluetic BLack Shales at Beacon Hill, 
Newai’k. 


(B) The Occurrence of Barytes, 


Fig. 3 . — .Disc of harytea 
from bed 71 e, Ghanmuth, 





In bed 71 c, consisting of well- 
stratitied blue shale, Dr. Lang has 
found thin biconvex discs of a 
mineral determined by Mr. W, 
Campbell Smith as barytes. T'heso 
discs are irregularly distributed 
along bedding-surfaces, from wiiich 
they are readily detached, leaving 
behind a perfect impression of their 
shape and markings. The general 
appeamneo of these barytes discs 
can be gathered from fig, B, The 
lai’gest specimen examined had a 
mean, diameter of 15 mm., a maxi- 
mum thickness of 2 mm,, and the 
specific gravity « 4*68. Both the 
upper and lower surfaees of the 
discs are marked by radial 



very distinct ut the tliin edge, but faint and often absent in the 
centre. Microsco}>ie examination shows tliat this furrowing is 
superficial, and not due to librous structure: for each disc was 
found to be a simple crystal llattened parallel to (001). 

The.se discs might be contemporaneous nodules, such as the 
concretions of barytes dredged from recent seas ; or secondaiy 
segregations of minute traces of barium suljihate in the shales. 
If, however, growth had progres.sod freely, it is diliicult to under- 
stand why either more complete crystal-forms or small spherules 
did not result. On the other hand, the convex shape and the 
absence of crystal form in these discs are in accordance with 
secondary growth against vertical resistance.^ 

(0) The Veins of ‘ Beef.’ 

The numerous veins of librous calcite, known as ‘ beef,’ are the 
most striking and interesting feature of the beds, to which they 
have given a name. In these veins the calcite-fihres pass directly 
from wall to wall, and they are, therefore, of the type called ‘ cross- 
fibre veins.’ Moreover, they possess the same general structure as 
the cross-fibre veins of gypsum and asbestiform minerals, which 
have been recently described.^ A continuous plane, marked by 
inclusions of marls, runs through all the veins, and may be called 
the parting'^; and, by analogy with fibrous gypsum, the upper 
portion of the vein may be conveniently referred to as the top, 
and the lower as the root (fig. 4). 

The parting has been shown (in the papers just quoted) to 

represent the ori- 
ginal fracture of 
the matrix, fi’om 
which the crystal- 
lizing fibres grew 
outwai'ds. In the 
case of ‘beef,’ frac- 
ture and crystal- 
lization must have 
been simultane- 
ous, for the wide 
horizontal extent 
covered by a single 
vein definitely 
excludes the possibility of the existence of an open crack, even 
for a short time. 

The veins of ‘beef’ always occur along a bedding-plane (which 
they only transgress when passing above or below a calcareous 

^ W. A. Riokardson, Geol. Magr. 1921, p, 120. 

® Jd. Min. Mag. vol. xix (1920) pp. 77-95 j and S. Taber, Trans. Amer. Inst* 
Min. Eng. vol. Ivii (1918) pp. 62-98, 

* Originally called by Dr. Taber the * central parting ’ j but, since it rarely 
Qoouxs * centrally * in the veins, the simpler term seems preferable. 


Fig. 4 . — Vfiin of^heef^ showing nfmcfitve and 
cone- in - con a, Qhttr mouth . 




uodule), probably because such planes present surbices of rela- 
tively low cohesion. Moreover, the mean direction of the fibres is, 
in all cases, normal to the bedding-planes. The surfaces ot‘ the veins 
are generally free from marked irregularities, although be<l g 
(described above by Dr. Dang, p. 60) is exceptional, exl}i)>iting coarse 
projections from its upper surface. There is, indeed, a tendency 
for some fibres on the upper surfaces to project above the geii<ii*al 
level ; but the lower surfaces of the veins are always smooth. 

A single vein rarely has a greater thickness than 2.j iiudics, and 
the to25 is commonly, but no means invariably, tliieker than the 
root. Where calcareoiis nodules occur along the same plane a.s a 
‘ beef ’-vein, the latter splits, 2 >i^*^sing above and below the nodule. 
Both parts of the vein, however, 2 >reserve the normal structure, 
and possess a jmrting. The vein below a eonemtion is thinner tluin 
one above, and beneath very large nodules the vein may tntlier di<‘ 
out, or be absent altogether. This behaviour would he ex])laine<l 
if feeding solutions were travelling vei*tically downwards, tor big 
nodules would shelter the region immediately below them. 

The calcareous deposits at Charmouth 2 ^J’^*^ent a remarkabh* 
resemblance to the gypsum -beds of 35ast Nottinghamshire. Not 
only do the fibrous veins exhibit similar structure, but in both 
localities the veins show the same relation to concretionary nodules. 
This similarity of behaviour doubtless indicates similarity in the 
processes of deposition. Accordingly, the following brief state- 
ment of the problem of oidgin is j^i’esented, and the reader i« 
referred to an earlier paper of mine for a more detailed discussion 
of problems common to both the deijosits."^ 

(1) Crystallization of calcite- fibres was initiated along- a piano of rnpturo, 
developed by the conditions of stress prevailing at the time of doponition. 
The crystal fibres grew outwards in both directions from that plane, a rtKtoni 
of which is preserved in the parting. 

(2) Fibrous habit suggests rapid crystallization from Holutions, whiedi 
probably became suddenly supersaturated on relief of preHHure. 

(3) The conditions of stress, which resulted in rupture, can only be referreil 
to a contraction of the deposit under the general desiccation that attended its 
final consolidation. No open horizontal crack of tlio extent of those reins 
could have existed, and crystallization must have kept pace with contractitm. 

(4) The normal attitude of the fibres to the strati fitrat ion, tlio slight 
upward projection of some top fibres, and the sheltering effect of the notlules 
on the region immediately below them are points which suggest that the 
‘ beef ' crystallized from solutions, the movoxnent of which relative to the 
matrix was vertically downwards. 

With regard to the relative age of the ♦beef ’-veins, there is 
the following evidence : — 

(а) The time of formation of the veins was later than that of the oalea* 
reous nodules, as is shown by the splitting of the veins by the ncslules, and 
the sheltering effect that the latter exerted. And, even if the oonoretions be 
regarded as contemporaneous with sedimentation, that phase of calcium* 
carbonate deposition which is represented by the ‘ beef * is secondary, 

(б) The ‘ beef veins are earlier than the Lias folding and faulting, for they 
also are involved in the movements. 


^ Min. M&g. vol. xix (1920) pp. 77-95. 



(J.)) Tluj C<(;iio-iu-C{)ne Structure iu the M5eef/ 

Among cross-libro vcuiis cono-in-couu wtriieture is coniiuecl to 
those in whioli the niinorul is eiileite. Moreover, wherever cono-iii- 
eoiie IS found, the material is always fibrous or aeicular oaleite. 
The strueturo is never absent in the ‘ beef ’-veins under discussion. 
The thinnest veins show the sim])ler forms, and, as the vein increases 
in thickness, cono-in-cone structure increases in complexity. 
Further, a eonipari.son of museum specimens reveals the fact that 
the big sjjcciiiicns from the Coal Measures and elsewhere are 
exceedingly complex. So frequently is this relation observed that 
complexity in the development of cone-in-cone is 
probably de23endent largely on the thickness of the 
dejiosit. 

Examination of hand-specimens of ‘ beef ’ show that the cones 
themselves jmy no regard to the parting (fig. 4, p. 80), but 
without break or deviation from the upper to the lower wall of the 
vein. There is, moreover, neither faulting on a microscopic scale, 
nor any kind of dis2)laceinent of the parting by the cones. On 
the contrary, the fibres themselves all terminate at the parting, 
and are never continued across it. 


Fig. 5 . — Two tijiioa of voHo-sfpuclifi'e in ^heej? 



The a^iical angle of the cones varies, but lies generally between 
/5(y^ and ()(V\ In the simpler types the cones consist of bundles 
of fibres, so arranged that they are nearly parallel one to the other 
and normal to the wall of the vein. In this case the cone-like 
character is apj>arently ]>rodneed by fibres of different length 
terminating at the outer surfaces of tlie cones (fig. a). 

In the larger exanqdes the fibre.s are notably inclined, tending 
to arrange themselves jmnillel to the sides of the cones, in the 
middle oi wliich tlie fibres meet, showing a characteristic V-pattern 
on fractured surfaces (fig. 6, &). In still larger examples this 
mutual inclination of the calcitc-fibrcs is greater, and more intense 
crowding results iu the apjxjamnce of smaller conic surfaces within 
the initial cone, leading to that complex structure aptly described 
as cone-in-cone. 

It should be noted that cone-in-cone is not especially associated 
with, or developed in, ixones where the stmta have been disturbed. 
But the efEects of crushing are not uncommon in veins from such 
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situations, and are easily recognizable. The veins may be fraetur<.‘<l, 
often along the conic surfaces, and in folds the fibres may be I»ent 
in such a way that the ends of the top fibres point up the dip. 

When examined microscopically, the calcite-libres luive bluntly- 
pointed terminations, and are rudely circular in cn).ss-Hection, for 
crystal faces are rarely if ever develoiJed (tig. G). In convergt*ut 
light cross-sections show the emergence of the o])tic axis, indicating 
that the fibres are elongated in the direction of the vertical axi.s, 
as is usual in fibrous calcite.^ The mean angle at the ]jointed ends 
of the fibres is nearly equal to that between the rhombohcdral 
eleavag*es of caleite, and the close relation between the fusiform 
shaj)e of the fibres and this cleavage is sketched in fig. 7. Opaipu* 


Fig, G . — Thin section of ‘ heef^ Charmouth ; X '10. 



Fig. 7. tSh'/rh (tj 

Cifiriir- 
JihrfU tthotrtti/f 
Jun/Jhr/n i<hapt 
and rhomlmhadra^ 
deamuje. x /70. 



particles of marl are sporadically distributed thnmghout the slide, 
but there is no sign of sheaths of marl siirroumling the libres or 
separating the cones. At the parting there is a certain anuMmt 
of ^I’anulatiou, doubtless the result of extenml pwssurci^. No 
optical sign of strain was observed, and even the glide-planes 
parallel to e (110) rarely appear. 

Cone-in-cone structure has engaged the attention of many 
workers, H. 0. Sorby® compared cone-in-cono with oolitic 
structure, and considered that the fonner was produced by radial 

1 L. J. Spencer, Min. Ma^. vol. xi (1806) pp* 184-87. 

^ Bep, Brit. Assoc. (Aberdeen, 1850) pt. 2, pi 124 j and ‘ The Oeologisi ’ 
voh ii (1850) p. 485. 




cr 3 ''stallization around an axis, instead of a point as in tlie latter. 
Of this arrangement, however, the cones in * beef ’ show no sign. 
O. C. Marsh ^ considered growth-pressure as the chief factor. 
Prof. »J. A. C3. Cole- rejected this view, and adhered to that of 
S{)rby, remarking that ‘ the so-called beef . . . forms the best link 
I am acquainted with between eone-in-eone and ordinary librous 
crystallization ’ (ojj. dt, p. 140). Prof. T. G. Bonne}’' allowed a 
gretiter part to the mechanical element, and considered contraction 
following crystallization to be an essential cause. Finally, 0. M. 
Iteis ^ dealt with the subject at great length. He considered that 
long-continued concretionary crystallization of calcium-carbonate 
solutions in argillaceous strata, under some pressure and aided by 
decaying organic matter, is the principal condition. Contraction, 
re-solution, and deposition help in the production of some of the 
complex elfeets. 

Now, cone-in-cone is evidently a primary structure in ‘ beef 
veins, and not the result of forces that disturbed the strata. 
Occasionally, fossil shells may be found along the parting ; but 
there is nothing to indicate that exceptionally complex structures 
are associated with richness of organic remains. Moreover, the 
librous character of ‘ beef ’ suggests rapid, not ‘ loiig-continued ’ 
crystallization ; and, linally, the close jiacking and the mutual 
interference of the lihres during growth are evidence that con- 
traction cannot have taken place. 

There seem to be only three essential facts hearing on the origin 
of cone-in-cone structure : namely, (i) its limitation to fibrous 
or acicular calcite ; (ii) the direct increase of complexity with 
thickness; and (iii) the penetration of a ‘beef ''-vein as a whole 
by the cones, with a total disregard of the internal stnieture. 
Tshall endeavour to show that the sensitiveness of the calcite-libres 
to shear-stresses set u]) during their crystallization is re.sponsible 
for these pecnliarities. 

Tn the first place, it is ajjparont that during crystallization the 
‘beef ’-veins must btive su])ported a load ecjual to the weight 
transmitted by the overlying deposit, less the tensile stresses 
originating through desiccation. If, i\c)w, the stability of an 
cdelnent from the middle of a growing ‘ beef ’-vein be considered, 
this load will produce a ])rinci])al (vertical) stress acting on the 
top and bottom faces of the element (fig. 8, p. 94). In addition, 
there will be two equal })rinci])al (horizontal) stresses q acting on 
the vertical faces of the element, and generated by the resistance 
to lateral growth set up by the crowding of the fibres. (Only one 
f)f these ])rincipal stresses appears in the figure, for the other acts 
normally to the plane of the paper.) Now, stress on any. plane 
inclined' to the jmncipal stresses is oblique, and there is some 

^ Proc. Amer, Absoo. Sci. 1867. 

® Min. Mag. vol. x (1892) pp. 136-41. 

» Jhiil. vol. xi (1896) pp. 24-27, 

Oeognostische Jahreshefte, 1902 (1908) p. 260, 



plane (let it be EF) on which the stress is most oblnpie, or, in 
other words, along which the shearing stress is a luaxiinuni.J 
Further, symmetry requires that there shall be another ])Iaiu* <it‘ 
maximum shear, E', F' in the iigure. In three dimensi(ms then* 
will be surfaces of maximum shear, eitlier pyramidal or conical 
according as the specimen is cubical or cylindrical. Und(*r similar 
conditions of loading, homogeneous test-cubes of Poidland cement 
break, into six ])yramids meeting with their apices at the centre 
of the test-cube," and such broken test-pieces may be c<)m]>ared 
with cone-in-cone concretions described by 0. A. White," in 
which all the cones radiated from a centre, with their 
apices all pointing towards that centre. 

In applying sneh an analysis to explain eone-in-eone, W(? are 

probably noi eoncermnl 
with mechanical defor- 
mation (since then* is no 
o])tical sign of strain), 
but with the inlhienet^ 
of the state of stress on 
the course of crystalli- 
zation. The inclination 
of the perfect rhomho- 
hedral cleavage to the 
vertical nnist make the 
calcite -t ibros ex t raord in - 
arily sensitive to the 
influence of the shear. 
Whore master shear- 
planes wore cstahlishod, 
fibres already formed 
might be fractured; but, 
more probal>Iy, the ac- 
tion would he to inhibit 
growth in such a way 
that the fibre could not 
cross such a plane. The 
actual spacing of the planes set up would be influenced by many 
factors, but chiefly by boundary conditions. The ap|Kmrance of 
secondary surfaces within the more prominent surfaces is some- 
times seen when slabs, instead of cubes, are used as test-speeimens. 
And, therefore, the establishment of cones within cones w'ould be 
due to the formation of new” shear-sinfaces as thickness increased. 

By way of comjjarison, it is interesting to note that the extreme 
tenuity of asbestos -fibres has been correctly explained by the 
combination of prismatic growth with peifeet jirismatie edeavage, 
and the platy cliaraeter of satin-sjmr by tlie pmsence of the jKufect 
brachypinacoidal cleavage. Tims all cross- fibre veins have 

1 A. Morley, ‘ Strength of Materials ’ London, 1908, p. 14, 

2 Atyiai* .Taii-pti Rai oat*. 5? xrn \ -wlw/tftAfiN 





the same general structure and origin, while their 
peculiarities can be traced to the crystallographic cha- 
racters of the minerals present. 

(Fj) The Calcareous Nodules. 

Tlie chief problem presented by the occurrence of calcareous 
nodules (‘cement-stones’) in the Shales-with-‘ Beef ’ is the 
determination of their age rclativel^y to the sediments. Tiie 
significance of the evidence lias been discussed elsewhere,^ and it is 
only necessary to collect the clues that these deposits furnish as 
to their own age. 

Conformable disturbance of the strata is frequently observed. 
This has been shown, on experimental grounds, to be consistent 
with either primary or secondaiy age, and recently has been 
reported over fossil remains.^ As a criterion of relative age it is, 
therefore, useless. 

The nodules have the flattened ellqisoidal shajie suggestive of 
secon lary origin. Septarian structure is common : a feature due 
to the drying of a colloidal centre.*’ This structure is not con- 
fined to nodules of secondary orig'in, and is no indicator of relative 
age. 

While the nodules are sometimes fossil if erous, they are more 
frequently non-fossiliferous, and arc distributed quite regardless of 
the location of’ fossils. Lignite is an occasional inclusion, and two 
types arc found : one of! a woody chanicter, and the otlier hlaek, 
resemliling jet, but very brittle and showing so])tarian fractures. 
J^laiit-remains within the nodules, howt’ver, are in the same state of 
pres(U’vation as those found in the shales. 1 1 nniy, therefore, be 
concluded tlv.it nodular segregation occurred when the i>vincipal 
stages in the decay of vegetable matter were completed. It will 
be recalled that Dr. Marie vStopes ^ proved tlic eontemporaneous 
age of coal-balls conversely by the more ])urfect preservation of 
included plant-tissues. 

In considering evidem^e of the distribution of tlie nodules, tlie 
enquiry must be e.xteiuled mon^ widely than the particular levels 
with which this ])a]HU' is moiv intimately coiKuu’iied. Completely 
measured se<*tions of tlu* Dorset Lias are given by H. H. Wood- 
ward,** and on these the distribution suggested below is based. 

Tlie charaeteristies of the vertical distribution of the limestones 
and nodular liu(.^s are set out in the diagrams of fig. 5), p. OG, 
In the curve on the right the intervals between lines are plotted 
against their position above the base of the Lias. The same 

* W. A. Biohardson, Ueol, Mag. 1921, p. 120. 

^ H. L. Hawkins, ihuL p. 192. 

^ W. A. Bieharilaon, ‘ On the Origin of Beptarian Struoturo ’ Min. Mag. 
vol. xviii (1919) pp. 327-38. 

* M. C. Stopea & O. M. B. Watson, Phil. Trans. Roy. Soo. ser. B, vol. eo 
(1909) p. 167. 

^ ‘The Jurassic! Rocks of Britain, vol. iii: the Lias of England & Wales ’ 
Mem. Geol. Burv. 1893, pp, 57 et aeqg., 195 et jieqq. 



facts of distiibution'are shown in the vertical section Aih on tln‘ 
left of fig. 9. This section is, however, diagrammatic, for only 
snfticient hands eonld he inserted to show tlie relative distrihntiom 
If the curve and the section lx* compared with tlioso for i’reta- 
eeons flint or Liesegang gels,^ it will be seen that the lim<*stone 

Fig. 9 . — Yerticnl clisfrihiifion of nodular limrHlona 
in the Lias of JJorsat, 

A 



distrihiition is of the same type. The rhythm may Iw analysed as 
follows : — 

(1) In the lower 100 feet, the mean Beparatiion of bands 1 foot, and 

the maximnm 3 feet. 

(2) The next 200 feet show (in one ease only) a xnmimum interval of 

4 feet, and a mean of about 10. 

(3) In the remaining- 300 feet to the top of the Middle Idas, the minimum 

separation is 12 feet, and the mean about 20 feet. 


1 W* A. Biohardson, Geol, Mag. 1919, p. 541. 
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Thus the cleix)sit exhibits the characteristics of rhythmic precipita- 
tion. There is a region of close deposition, followed by gradually 
increasing separation of bands to the top of the Middle Lias, above 
which the occurrence of nodular limestones is not recorded. 

^ JDr. Lang has di-awii my attention to the palaeontological evidence 
of the existence of non-sequences ^ that are not insignitioant, and 
point either to extensive thinning or to contemporaneous erosion 
of many feet of strata, which might include limestone-bands. It 
is obviously a question of the first importance to decide whether 
or no the limestone suite is intact. The available evidence is not 
veiy complete ; but two reasons may be given for considering that 
the full rhythm is present, and has not been affected by non- 
sequences. 

In the first place, it is scarcely possible that beds of dense 
limestone should be contempomneously eroded, without originating 
coarse beds containing liinestone-pebbles situated within a reason- 
ably short distance of the original site. But there is no record of 
such j)ebhles. 

In the second place, it is found that the horizontal distribution 
of the limestone-nodules corresponds to the vertical. In the lower 
levels continuous tabular bands of limestone, often showing nodular' 
structure, or passing laterally into dense rows of nodules, are 
common. Higher in the sequence tabular bands disappear, and 
close nodular lines are characteristic ; and, as the vertical interval 
between the beds increases, so also does the horizontal distance 
separating the individual nodules of a bed. Therefore, the same 
rhythmic sequence is obtained, whether the horizontal or the 
vertical relations are studied. And, since there are no 'signs of 
successive independent rhythms, it must be concluded that the 
limestone suite is the product of one process of I’hy thmic deposition, 
not only secondary, but apparently later in date than any 
contemporaneous erosion that may have affected any j)ortioii of 
tlie deposits. 

One further point must be mentioned. In places occur ‘.in- 
durated bands ’ of hard calcareous marl. These are not regarded 
as part of the limestone suite, because all members of the latter 
show clear linos of nodular origin and largely displace the max'ls ; 
whereas the indux’ated bands are shales impregnated with, or 
cemented by carbonates, and may be regarded as a distinct, perhaps 
final phase of the deposition of calcium carbonate at a stage (later 
than the ‘beet*’) wlxen any solution I'emaining in the sediment 
finally dried, 

(F) Sedimentary liistoiy of tlie Beds. 

1 venture, in conclusion, to suggest an outline of the sedimentary 
histoiy of these beds in stages based on the preceding study : — 

(1) Sedimentation, during which co'ntenaporaneous erosion may 

* Prominently advocated for the Liaa generally by Mr. S. S. Buokman, 
Q. J, d. a vol, Ixxiii (1917-18) pp. 257-78 ; see espeoially figs, A 4fc B, pp. 265, 
272, 

Q. J. G. S, ISTo. 318. H 



have taken place locally, while calcareous matter gradually 
dissolved in the water- logged deposits. 

(2) Initial desiccation, inaugurated or aeeoiiipanied 

by some elevation causing a motion oi’ the solutions rttlaiively 
downwards. 

(3) llhythmic precipitation o£ the coneretionary limesttuie suite. 

(4) Stage of maximum desiccation. Regions, or Itjvels, ofc‘ low 
pressure produced by contraction, along which supex'satu rated 
solutions rapidly deposit veins of tibrous caleite (betd'). 

(5) Desiccation and consolidation completed, with the precipi- 
tation of any residual solutions which cemented and Iiard(,‘iu,Ml the 
marls. 

(G) The strata, including the concretionary deposits, t'anlted 
and folded by earth-movements. 

Drscussioy. 

Dr. Jf. A. Bather said that, if Mr. Richardson were right, the 
moi*e obvious lithological diameter of the section could not have 
influenced the succession of life. What, then, was the cause of the 
fex^etition of faunas V To answer that question we needed l>etti*r 
knowledge of the habits of ammonites, and we needed to tmee 
their migrations by equally careful collecting in other areas. But 
a knowledge of ammonites would not sutftce ; we must study the 
other elements of the fauna ("the flora was ]>re.sumal)ly heyoinl 
reach). The researches of the Danish Biological Htatioh showed 
that similar faunal changes were taking j-ilaee now, and that they 
were frequently initiated by a disturbance of equilihriiun in tim 
food-constituents of the life-assemblage. Tliose resourdu*s should 
be studied by all who would solve these problems of stiviiigniphieal 
palaeontology. 

Mr. Q-. H. Pjdymew enquii'ed whether Mr. Kidiardson found it 
possible to extend the application of the theory of pre(uj)itation hy 
diffusion, to the deposition of the ‘ beef ’-beds "and similar gypsum 
sheets ; whether Liesegang’s experiment might be considered on a 
large scale, whei'e calcareous waters overlying shales eonlniuing 
sulphates would give banded preeipikition of calcium suljihate. 
These sheets then became contom])oraneous, regardless i»f horizon. 

Prof, A. Hubert Cox remarked that lithological types similar 
to those described by the Authors were well developed in the 
Dower Lias along the Glamorgan coast. Individual lasdding* 
planes were stripped bare over wide areas along the shore, and 
exceptional opportunities for their study were thus afforde<L The 
upx)er surfaces of the various limestone-bands presented certain 
remarkable contrasts. Some of the surfaces had a persistent table- 
like smoothness. Other bands of apparently identical lithology 
showed very uneven surfaces, as if the beds were made up of 
masses of irregular ^ nodules. Despite the uneven sui^ace, the 
boundary between limestone and shale was quite sharp. His 
explanation of the differences in the character of the limestone- 
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surfaces was that the limestones represent precipitates of calcite- 
iimcl (lorivctl ])y the degradation of Carboniferous Limestone areas. 
The exact character of each precipitate varied according to slight 
changes in the salinity of the waters. Similar results could be 
obtained by the slow preeipitiition of elay-suspensions under the 
inlluence of electrolytes. The speaker had not yet had an oppor- 
tunity of trying similar ex})eriments with calcite-siispensions, but 
he had little doubt that under suitable conditions similar effects 
could be I)rought about. 

Miss O. A. Jt/vrsiN asked whether, from the study of the inter- 
esting cone-in-eone structure in Jurassic strata, Mr. Biehardson 
considere<l there was any evidence that contraction due to the 
drying of the material had acted as a partial cause, in conjunetion 
with crystallization and the other forces indicated. 

Dr. Lang thanked the Fellows for their reception of the paper, 
and, in reply to Dr. Bather, mentioned that he had collected many 
laniellibranchs and other fossils from the vShales-with-‘ Beef,’ 
but had not found a specialist to name any, exce]>t the ammonites; 
he had, therefore, recorded in his pa})er but few fi>ssils besides 
ammonites. As to faunal repetition, if we could trace our re- 
stricted horizons laterally, we should undoubtedly discover the 
intermediate histories of the temporarily eclipsed genera. Two 
possibilities were suggested : — (1) The reap])earing form might 
not 3'eally he closely related to the vanished form — the supposed 
genus might he polyphylctic. (2) The discontinuous succession 
of the forms of a given genus in one locality might be the result 
of a periodic outjiouring of allied forms from a more or less distant 
centre. If W(i could find such a centre, we should see that there 
the vertical distribution of the genus in (jiiestion was continuous. 

Mr. W. A. JiicirAiinsoN said that it was very difficvilt, in the 
])resont stiitc of knowledge, to lix the exact date of nodular forma- 
tion ; but it occurred at (yharmouth before the crushing of the 
ammonittis, and probably while the sediment was still comparatively 
loose. In reply to .Pr<»F. Oox it might be pointed out that the 
same peculiar rhythm occurs in many nodular deposits (such as 
flint and gypsum), and it was tlie dilliculty of finding any external 
cause varying in thi.s way that supplied the chief reason tor resort- 
ing to ail ‘ inner,’ that was, a physical-chemical cause. Begarding 
Mr. Plymen’s query, the liands were foinned simultaneously, only 
in the sense that they were the result of one continuous process of 
precipitation. TIku’O would not be much scope for contraction as 
a cause of cone-in-cone, as suggested by Miss Raisin, f<jr the 
material was deposited initially and continuously in eiystalline 
form. 
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I. The Age of the Beptiltferous Strata. 

In Eastern Hungary ^ the Upper Cretiiceous can be divided into 
two horizons with an unconformity betvvx^en them (5Ji, 00).^ The 
lowest deposits in some places, as near SzAszcsor (53), are red con- 
glomerates; in other places (as, for example, Ohaba Donor) they arti 
red laterites filling fissures in the Tithonian limestone (28). Tin*!! 
follow, extending farther than the red deposits, grey marls an<l 
sandstones containing at their base .seams of coal (28), and sonnt- 
what higher up several ammonites, such as : 

Acanthoceras neioholdi ILosQm&t. ’ Acanihoceratt wanUili (Sowerby). 

A* cenomanense Pictet. ! A, mofjdieiiH Stoh<^/,Ka. 

A. harpass Stoliczka. j Puxonia ^^himdufu (Sim'crby). 

A, rhotomagense (Defrance). ! Crwrenta sp. (r>a). 

These help to fix the age of the marls us Genomanian. Ovtndjing 
the ammonitiferous strata are coarser sandstones, erainnuHl with 
enormous numbers of Acimonella sp. (28, 53) ; then (*omc marls 
and sandstones containing some rare examples of Art (tour I in 
gigantea (58), attaining a diameter of (> inches and inort* ; and 
lastly, a great complex of rough blue and white sandstones is imd 
with (7), corresponding to the Emscher Sandstone of Cierman 
geologists or to the zone of Micrastrr ror-atigvinnm in England. 
These strata are characterized throughout Tmnsylvania by re- 
markably large (58, 05). In inocrramuH gigatitm$ 
Palfy, for example, each valve athuned a length of nearly 2 feet 
(05). 

^ Under the term Hizngary, not the area politically bo deanod is tuoant, 
but that basin which since Upper Senonian times has bad for it» rim the 
range of the Carpathians, 

® Numerals in parentheses refer throughout to the Bibliography, § VI, 
p. 113, 
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Unconformably upon these beds rest younger marine layers 
containing JE* a eh i/ disc its neiibergicus Hauei*, P. collif/atus Binck, 
Seaphitcs constrictus Sowerby (53), and numerous bivalves and 
gasteropods (51, G4), among which it is sufficient to mention 
Melanopsis gallopromiicialis Matheron and JPgrgiiUfira picMeri 
M. Hmrnes. 

All the fossils, a more complete list of which is given below, ^ 
prove that these younger marine strata belong to the Upper 
Senonian (Campanian), They pass upwards into strata wherein 
brackish- water forms predominate, such as Gerithiitm^ Melanopsis^ 


^ The complete list for Puj is : — 

BacidUea fuchsi Hedtenberg. 
Scaphites cf. constricius (Sowerby). 
Fiisns lineolatus Zekeli. 

AveUana hugardiana A . d’Orbigny. 
DentaVium nudum, Zekeli. 

Pecten, cretosue Befrance. 

Pecten virgatus Nils. 

Gervillia solenoides Befrance, 

Pinna cretacea Schlotheim. 

For Alvincz the list is ; — 

Bmggra oalracina Lamarck, 

Anomia pelliicida Miiller. 

Anomia coquandi Zittel. 

Ostrea p8en,do-m,adelungi Pillfy. 
Lima divancata Bujardin. 

Lima tecta Goldfuss. 

Pecten Tcrenneri PethO, 

Pecten leevis Nils, 

Paammohia sueaai Zittel, 

InoceramuB cHppai Mantell. 

Septifer lineatua Sowerby. 

Modiola Jiagellata PAlfy, 

Gervillia solenoides Befrance. 
Lithophagus alpinus Zittel. 

Pinna cretacea Schlotheim, 
Gutndlma transylvanir.a Pillfy. 

Leda tenuiroatria Reuss. 

Aataide similia Miinstor. 

Astarte hemiornaia Piilfy. 
Grassafella macrodonta Sowerby. 
Grasaaiella supracretacea Pdlfy. 
Gardium gosaviense Zittel, 

At Alkenytlr, one may mention, b< 

Gylichna ornamentata Pdlfy. 

Mitra cancellata Sowerby. 

Mitra zekeli Pictet & Campioho. 
Cerithium millegranum Munster. 
Natica tramylvanica Pdlfy. 

Natica klipateini Muller. 

Laisispira cochleiformie M tiller. 
Turritella kochi P^fy. 

Tufritella of. aeanthophora Bomer. 


Easogyra matheroniana A. d’Orbigrny. 
Modiola cainiaia Zittel. 

OueiiUsea hifasciculata Matheron. 
Limopsis calvus Sowerby, 

THgonia seabra Lamarck. 

Gardivm produr.tum Sowerby. 

Circe discus Matheron. 

Pholadomya granulosa Zittel. 


Gardium ducloiwi Vidal. 
GypHmeria aff. concentrica ZitteL 
Gyprimeria discus Matheron, 
Corbuta. lineata Muller. 

Turritella of, alternans Bomer. 
Glauconia obvohtia Schlotheim. 
Tramylvanites aemseyi PtUfy. 
CeHthium koehi Pdlfy. 

Ghemnitzia acutisaima PAlfy. 
Chemnitzia cf. tnrrita ZekeK. 
Pyrgulifera aff. hocklii PAlfy. 
Natica alkemyerensis Paify. 
Natica hulbiformia Sowerby. 
Volutilithes lati&epta Schlotheim 
Cheiloatoma winkleri Munster. 
AporrTiaia schlotheimi Bomer, 
Aporrhais calcarata. 

Ovula striata Zekeli. 

Riiigicula hagenowi Muller. 
Gylichna aff. mlilleri Bosq. 
Actmonella gignntea Sowerby. 


s some species known at Alvinoz : — 

Volutilithes septemcoatata Forbes. 
Trochus gemmeua Mtiller. 

Liotia macroatoma Mtiller. 

Vola quadriooaiata Sowerby. 

Leda supracretacea PAlfy, 

Leda eomplanata PAlfy. 

Leda of. fdrsteri Mtiller. 

Graaaatella minima PiXiy. 
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and ^yrgiilifera. Amon^ the bivalves, Cgn^iut ilaciva IVilfy may 
be si>ecially mentioned.^ 

At both localities where these brackish- water bi*(ls are known, 
at Puj and A^lvincz, they gnidually pass upwanls into fresh wah*r 
deposits containing much-crushed (and therehn-e nndidin'ininahle) 
gasteropods, very rarely a ^7;^/o-like bivalve, and nunierous widl- 
preserved remains of various vertohmtes. In the inndh of 'I’ran- 
sylvania, where, until recently, but few vertehraht remains wt*re 
found, Anton Koch (36) determined in a freshwattu* linu*stone 
intercalated in these beds the following gasterojxxla : — 

jPlayiorhis aff. eleyans F. Fdw. Ijimytca aff. ytrundaria Hraad. 

Palud'iiia aft*, glohuloides ForV>os. LhnHtut aft*, injhtltt lirr^u^rniart. 

Limnea aft*. micheli>ii Desliayes. 

It is evident that not a single species has hecn d<denniinal in such 
a manner as to be of stratigniphical viiluo. Since the hnudcish- 
water deposits correspond to the u|>])er }>art of the Fnmtth 
Garumnian, or to the limestone of Faxo in Denmark, the frt‘.sh- 
water beds must be considered as an equivalent <if tht* uppermost 
layers containing Want Huh danintH of Northern Kuropi*. it is of 
great importance to be assured that there <‘an be no <loubt ulnmt 
their age. Near Demsus (Csula) the freshwater bc<ls enclose a 
great rolled block of limestone containing ActftaneUa, 

Curiously enough, the foiuminifera, discovered by Halavats at 
Sz4zsebes in a rolled block of limestone (coming from the conglo- 
merates that are intercalated among the Dino.Haur-l>earing san<l- 
stones), have a very Kainozoic aspect. L, Ldczy (42) determintxl 
these foraminifera, and found : 


Orhitolites sp- cf. com%7lanata 
Lamarck. 

Alveolina sphmrica Fort, var. 

haueri A. d’Orbigny. 

A, of. elongata A. d^Orbigny. 


Alveolina cf, ovoitlea A. «rOr- 
bigny. 

A, aff. ohlonga A, d’Orhigny. 
PeneropliH hji. 


Since the Kainozoic facies holds good also for tln^ frt‘sh water 
shells mentioned above, everything goes to .show that the !)ino- 
saurian beds of Transylvania extend to the vt^ry dawn of t1u‘ 
Eocene, and perhaps even include it.s hasement-depo8it.s. 

The thickness of the Danian deposits of Transylvania, built «p 
of blue and purple clays, red, yellow, blue, ami gnjenish sandHloneH, 
and mottled conglomerates, varie.s according to tiie different 


* The complete list for Alvincz is : — • 
CeTithiufn hosninglicinsi Keferstein. 
Gerithium herepeyi Fdlfy. 

Oerithium alvinczienae P^Ify. 
Ceriihium kochi PAlfy, 

Gerithium loezyi P;fi,Ify. 

Gerithium apulumium PAlfy, 
MeZanopsis crassatina Vidal. 

Melanopsis ef, galloprovincialia 
Matheron. 

Melcm^sis avellana Sandberger. 
Memismus omatue Pilfy. 


Hemieinna piilchellug PAIfy, 
Tmmylvanileft nemmyi Piilfy. 
Pyrgulifera hoekhi P^Ify, 
PyrguHj^em, dtecumnta PAJfy, 
Pejanim bwaritmln SSekelK 
NeHia apinoea P^lfy. 

Nerita granulata PAlfy, 

Turritella hagmowiana Minuter* 
Qlaueonia obvoluta Sohlotheim. 
Acimtmella giganiaa Sowerby. 
Ctfrma dadm P(klfy, 
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regions, but is always very great. In the north o£ Transylvania, 
where a band of freshwater limestone is intercalated near the top 
of the Danian, it attains some 8700 to 4500 feet in thickness (36) ; 
on the western margin of the Transjdvanian basin, where the 
Danian rests in some places transgressively on the crystalline rocks 
fonning the rim of that basin, its thickness is but 900 feet (36) ; 
in Southern Transylvania it attains (in a geosyncline at the northern 
base of the Transylvanian Alps) a thickness of at least 6000 feet 
(53). At many places in Transylvania, especially in the north 
and east, the Danian is covered by Middle Eocene "strata (36) ; in 
the south, however, in the neighbourhood of Hatszeg, the Middle 
Eocene is missing, and younger Kainozoic (Miocene and Upper 
Oligocene layers) rest upon it (21, 58). 

II. The Vertebeate Fauna. 

From several good exj)osures in the country round Hatszeg 
numerous vertebrate remains were collected, and, although a 
detailed study will probably bring to light further quite interesting 
featui’es, the most important characters of the fauna can already 
be fixed. 

This fauna comprises Pterosauria, birds, tortoises, crocodiles, and 
several Dinosaurs (37). The birds, tortoises, crocodiles, and some 
of the Dinosaurs, such as Titanosaurus, Orfliomerus^ and Mhahd^ 
oclort^ seem to have lived in marshes and lakes in the deposits of 
which they are found. The Pterosaurians and some other Dino- 
saurs (such as Stritfthiosaurm and ‘ Ifeffalosaianis') became 
accidentally bux'ied in these sediments (53). 

Unfortunately, the bird-remains (1) and those of the Theropada 
(59) are in so poor a state of preservation that they do not throw 
much light on the systematic position of the animals to which 
they belonged, and the same statement holds good for the Ptero- 
saurs ; the latter seem, however, to be related to the Ornitho- 
cheiridic, especially to Ornithodefi^nns (74). They are, therefore, 
more primitive than the American Pteranodontidse. 

The crocodilian remains are better preserved than the remains 
of the animals hitherto mentioned (59), for in the F5ldtani 
Int(^zet (Hungarian Geological Institute) at Budapest a nearly 
complete skeleton is preserved, which will prove to be, when 
mounted, the finest known skeleton of a true Mesozoic crocodilian. 
(69, 70, 73). Preliminary study, however, has failed to reveal any 
remarkable features by which this animal differs from existing 
forms. Perhaps it represents a new genus, but otherwise this 
specimen seems to be of little palaeontological importance. It is 
identical with Orocodilus affu^pJensis Matharon (50). In con- 
trast to this, the Dinosaurs and tortoises of the Transylvanian 
Cretaceous exhibit many remarkable features. In order to show 
these features clearly, the representatives of each gixxup must be 
considei*ed separately, and I think it advisable to begin with the 
tortoises. 



(A) Kallokibotion bajazibt, gen. et sp. nov. 

This new genus. is represented l>y several specimens; with the 
exception of a few, they are preserved in tlic JJritish jVIuseuiu 
(Natural History). In one the plastron and the nearly entire 
impression of the earaxmee, as well as a natnnil cast of the ho<l v- 
cavity, are splendidlj^ preserved. A second individual shows tin* 
disintegi’ated and somewhat crushed carapace, parts of the jda.stron, 
and a fairly well-j^reserved skull. A third shows a wcll-prcservtsl 
but laterally somewhat crushed caru])ac*e from above, tin* entire 
Xielvic girdle, the cervical and caudal vertebra.*, and some limh- 
bones. Yet another sx^ecimen has a hadly-x>reserve< I skull, isolated 
cervical and caudal vertebnc, limh-bones, and shows the* <lorsal 
vertebrte from the interior. Other s])eeimens of minor importance 
show x^ai’ts of the seaxmlar arcdi, limb-hones, ])arls of tiu* pelvis, 
and so on. It is evident that pmetically the whole of the skch*ton 
is known; hut, since the detailed description is to he juthlisluMl 
elsewhere,^ only the xnlneipal tmits of this interesting g<*niis will 
be mentioned here. The skull is eomxdetoly roofed over lik<* in 
JBaena sima (BO). The cervical vertebra* show strong lateral 
processes, and resemble in outline tho.se of (IhhffriUin hchraivum 
(BO) ; they are, however, dee|>ly biconcave in ail specimenw. The 
caudal vertebrse are strong and biplane, and show that the tail was 
well-develox^ed. The carax^ace shows well-deve1o|)e(l neural hones 
and vertebrse, very broad dorsal scutes, small costal un<l marginal 
■scutes, but no sux^ernuinerary scutes such as occur in 
Thescelus, JBoremys^ j£*Iafyc7ie7ys, and other x>nmitive tortois<*s 
(30). The posterior margin of the cam puce is moderately scal- 
lox^ed; on the plastron one can distinguish a well-developed na‘so- 
plastron reaching to the middle line of the body, and sever, il 
inguinal scutes. In the interior may be discerned on the earapa^aj 
two marked tuberosities for the attachment of tlie superior eud.s t.»f 
the scapulae, and on the pkistron tuberosities for the .•dtuidiment 
of the pubes and ischia. Scapula, x3ro.scapuIur process, and eonu‘oids 
are all rod-like ; the glenoidal fossa is wtdl mark«*d and very dt‘ep ; 
the process is ossified, as in Chin fern on hohroi(utm (30} 

and Orlifsia ; the ischia unite by a broad an<l d(*ep symphysis 
which forms a vertical wall, showing in the middle u convexity 
directed forward, and resemble tlms the ischia <»f Orlif«ia* The 
femur and humerus are dilated at Is^th ends, and slaw miiark- 
ahly well-defined and smooth surfaces for articulation. The toes 
ended in well-developed claws. 

The nearest European relatives of Katlohihoftmi seetn to l)e 
JPlesiochelys and Fleuro&ternon^ which are abundant in the 
Wealden Beds (2, 48, 78). Among the American Ainphichelydie, 
only Gh/ptops is known to x^ossess biconcave vertebrse ; and this 
genus, although lasting perhaps until the end of the Cretaceous 
Period, shows a maximum of development in the Niobmra phase (JIO). 

^ S’. NoposA, * KalloMhoHon, a Primitive Ampbiohelydean Tortoise * PalsB* 
ontolc^rla PCiwgarioa, vol. i, Budapest, 1923 (in the press), 
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Thus the primitive Kallohihofion surviving into the Danian 
would appear to be a x*emnant of an otherwise extinct fauna. 

(B) Khabdodon frtscum Matheron (oO). 

[Synonyms: Mochlodon ftnetfsi Seeley (73); Ornithomenm gracilis Seeley 
(73) ; and Mochlodon suessi var. rohustum Noposa (52) ; the last-named and 
the type of Matheron’s genus and species are probably females, while Ornitho^ 
merus is a young specimen.] 

This Orthopodous Dinosaur is closely related to the American 
Oamptosau7'ns from the Jurassic (32), Kangnasaurus from the 
Cretaceous (P),^ and Thescelesaurus from the Lance formation 
(23). In Europe Gamptosaurus occurs in the Kimmeridge Clay 
(48) and in the Oxford Clay (47). Coini3ared with the European 
Iguanodon, which evidently once passed through a CamiDtosaur- 
like stage of evolution, Mhahdodon seems more j)rimitive, because 
of the small number of alveoli, and because the mandibular teeth 
had only one principal ridge and not two. Primitive characters 
also are the biplane cervical vertebrse, the Iii/psilop7iodoii-V(k& lack 
of an expansion on the dorsal ribs (33), the feeble development 
of the preacetabular part of the ilium, of the pseudopectin eal 
process, and the direction of the foxirth trochanter. As in Camp- 
tosaicries, the ischium is hammer- shaped in the males. It must 
bo mentioned, as a sign of specialization, that the ischium shows 
no projection forming the inferior boi’der of the foramen obtu- 
ratorium. 

If wo consider that in Belgium, by the time of the Upper 
Senonian, Jguanodon oi the Wealden had changed to the genus 
Grctspedodon (19), and that the Gampfosnurus stage of Igimnodon 
has to be sought for in earlier beds than the Wealden, the survival 
of a modified Camptosaurian at the end of Danian times is quite 
a noteworthy feature. 

(C) Ortiiomerus TRANS ylvanicus Nopcsa. 

[ Generic synonyms j Limnosaunis Nopcsa non Marsh (52); Hecatosaurus 
B. Brown (8) ; Tehnatosanrus ISTopcsa (65) ; male and female distinguishable 
by the shape of the base of the centra of the caudal vertebrce, one sex 
(it is uncertain which) showing a furrow (60, 61).] 

Ortiiomerus belongs with Kritosaurus (8) to the Protracho- 
dontidjo, or primitive Traoliodon group; it is, however, even more 
jxrimitivo than its American relative. Both these Protracho- 
dontidiB differ from the true Trachodontkhe, in that the anteorhital 
part of the skull is not so long as in the latter (9, 10, 32, 39). 

Ortho merus difBers from Kritosauriis in the leaf-like asymmetrical 
sha])e of the mandibular teeth, which are not compressed antero- 
posteriorly, but in a linguo-labial direction, and they lack the 
projecting I'idge characteristic of the Trachodontidae. The mandi- 
Dular teeth of Ortiiomerus approach in these points strongly to 

^ S. H. Haughton, *On some Dinosaur Bemains from Bushmanland’ 
Trans. Soo. S. Africa, vol. v (1915-16) p. 259. 



the hypothetical shape of teeth which must have ^iven rise io the 
highly ornamented teeth of the Kalodontida* on one side, and to 
the teeth of the ti*ue Tmehodontidje on the ot]ie*r. I'o a etn-tain 
extent, they resemble the teeth of the CVnito]>sian genus Jintrhi/- 
ceraiopa (24‘), The number of teeth is in Orfhimun'Uii smaller 
than in Krifosaurus. Although not great in mimbtu*, ihest* three 
features are quite suttieient to fix the ]>rimitiv(» nature t)f Orfha- 
merns, the skeleton of which has not yet )>een thoroughly studied. 

Since the Traehodontidje oceur throughout the wholes of tlu^ 
North American Upper Cretaceous, and since tlu‘y must have betm 
derived from an GHhomepunAAkii tv])e, the oeeurrenet* of a Pm- 
traclioilon at the end of the Cretaceous Period in Euro|»‘ is 
again an atavistic trait. 

(D) STBUTHTOSAUHtrS TRANSYLTANTCt'a Nopcsa (50). 

[Generic synonyms: Omtieomns Seeley (7S); Seeley (7J1); 

Rhadmosaurvs Seeley partim (73); Danvhhmnrus Bniizel <13); Lripnunft- 
sauruB Nopcsa ? (63) ; of the spooleH Sfrufhiomurns lejndttpJumtB the feinah* 
has been described as 8. imwloivitchi (58); the sex of b’, tmuBylmnkuH has 
not yet been determined.] 

So far as can bo seen at present, ^truflnosannm is a relative of 
Sfer/oceras of the Belly lliver formation (4G), of Nodosaurm of 
the Benton (44), and of Polacanfhns (5(^) of the Wealden. 
Another relative of Btruthiof^anrus is the im]>erfeetly-know!i 
Acatiiliopliolis of the Cambridge Greensand (71). On (‘omparing 
Btruthiomnriis with SteqoceraSf it can be seen that in tin* lattm* 
the backward direction of the condyles is more marked, tht‘ 
skull- bones are thic*ker, the pittings on the sarfa<re are lUiUHJ 
distinct than in StrutlnosaMruSn and the upper surface of ilu‘ 
skull projects farther backward; but otherwise tin* two geiH*ra 
seem to agree very closely. The dorsal vertebrae of 
approximate to those of JPolacanihm (55) ^ aiiten<»r clorsal 
ribs show tlie same symmetrical T-sha])(*d section as in all 
Thyreophora,^ and differ in slm])e and function from the asym- 
metrically T-shaped and bird-like anteidor dorsal ribst>f tht* higher 
Orthopodous Dinosaurs ; the posterior dorsal ribs of tSii^ufhio- 
saurus show a tortoisc-like latenil expansion, hut are not hlended 
together as in JPolacantlius. The segmenhtd armour of Noda- 
saurus (44) suggests the i')robability tliat here a similar Htrueitirn 
may be expected in the lumbar region. TIu^ femur of ^fruthio^ 
saurus agrees with the femur of Polacanfhvs (50) and Nodtmmriw 
(44), but better still with the ISumpean Qrppfosaurus from the 
Oxford Clay (47). The dermal armour is tiiinner than in Pa/a- 
can thus or Hie^^osatirus. Summarizing all the chameters that wo 
have been considering, it is well nigh certain that Sfrttfhiostturm 
is a type from which (to some extent) Pohteantkm could bo 
derived, but not vice versa. The bird-like shape of the basis cranii 

^ This term (58) was proposed in 1915 to oompme all the armoured 
Dinosanrs; namely, Stegosauridsa, AoanthophoHd», and Oamtopsidis. 
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without tuhera basioeeipihilia, and with the condyles directed 
downward, and the relatively large hrain-case are likewise primitive 
features, since they are handed down from the bipedal ancestor of 
the Thyreophora ((>2). For an animal living at the end of the 
Cretaceous Pei'iod these primitive features are quite remarkable. 

(F) Titakosaueus uagus Nopesa. 

As K. S. Lull has 2 )ointed out (-IS) already, tlie mere occurrence 
of a Sauroi^odous Dinosaur at the very end of the Cretaceous is in 
itself an anachronism. The genus Titunosanrus is well known 
from the Wealden dei:)ositsin England (4 j 6), the Upper Cretaceous 
in India (45) and Madagascar (16), the Danian ( =s uj^perinost 
Garumniaii) in France (17) and Hungary, and the upi^erinost 
Cretaceous or basal Eocene in Argentina (49). The osteology of 
Titajiosaurus shows, so far as it has been studied, that this is a 
comparatively lu’iinitive type. The neural spines of the dorsal 
vertebrje are simiole and not bifid. The plate -like sti*ucture of the 
neural arches is not far advanced ; nearly all vertebra?, however, even 
most of the caudal vertebrae, are deeply opisthocmlous. Since this 
latter feature occurs already in the Tifanoscmrua of the Wealden, 
its occurrence in the Tltanosanrns of the U232:)er Cretaceous im 2 )lies 
no i^rogress, but a stagnation in evolution. The humerus of 
TifanomuvKs^ although strongly expanded at botli ends, and thus 
differing from the slender humeri of the IBrachiosauridai (68), is 
com23aratively long; the metii23odials are coin}3aratively slender; 
the scapula shows no strong crista, and differs thus from the more 
highly specialized scapula of Dtplodocns (SI). Altogether, 
Titanosanrnii is a type which, des 2 >ite its opisthoccelous caudal 
vertebrje, shows no such marked s23eeialization as the Brachio- 
satiridic or Di23lodocidfe. 

Seeing that, up to the 23resent day, scarcely anything is known of 
the trend of evolution in the phyla of Sauroj^oda, it is not easy to 
fix the phylogenetic value of the last of the Sauropoda ; but even 
the characters described in the foregoing paragra 2 >h show that it 
is not an aberrant terminal of some highly-develo 2 )ed 2 >hylum. 
Together with KalloJcihotion., Jdliahdodon , Orfliomervs, and 
Strutliiosaurifs also, the Wealden genus Titan osavrits seems in 
the Cretaceous to be out of date. 

Ill, COMPATITSON OF THE FaUNA WITIF OTHERS. 

The occurrence of a 2 ^Huiitive tortoise, a pilmitive Campto- 
saurian, a primitive Protrachodont, a 25rimitive Sauropod, and a not 
very s 2 >ecialized Aeantho23holid Dino.saur in the Upper Jurassic or 
Lower Cretaceous of Europe, would in no way ba remarkable. 
But, if we consider that all the types enumemted above are fore- 
runners of more highly-specialized ty 2 )es during the Cretaceous 
Period, and if we recollect that they occur all together at its 
end, the matter bears another asj>ect. We are not dealing in this 
case with a few survivals, such as might be dismissed under the 



convenient appellation ‘sporadic,’ but with the survival of a 
primitive fauna. At this x^oint, it becomes obvious why it was 
important to fix the age of this fauna beyond all doubt. 

In recent times a situation similar to that established for 
Transylvania in the Cretaceous Period is only to be unit with in 
Australia, where the diluvial and prehi.sturic fauna likewise* con- 
sisted exclusively of elements that ha<l long vanished in other 
parts of the globe. 

Having established this fact, we must try to find the reason. 
Practically the same fauna as in the latest Cretaceous of Transylvania 
is met with in the Garumnian of Southern Fra nee, where, among 
otliers, HJiabtJodon prlacmti oeeiirs, as wt*ll as a llirntstatrifsAika 
plated Dinosaur (IN) which evidently is closely allit‘d to 
saunis^the same crocodile as in Transylvania. Hut the tortoises 
are different, the French PoJifaif rnitm ((>7j proliahly ht*ing merely 
a pathologically deformed member ot* the Amphicludyda*. 
French Saurox^cl (50) seems to 1 h» (dosely allied 

to TitanosaurNs, althougli generically distiiu*!, and TitanonauruH 
itself occurs at St, Chinian (17). From the Maestriehtian stnita 
ill Belgium are known the Dinosaurs Orfhouwriis (11), 72) and a 
form allied to Iguanodon^ called Oranpedodon (10), as well as a 
Theropodous Dinosaur of unceidain systematic position denomi- 
nated ^ Megalosaunis’^ hredai (72). The crocodile ThoracmaurHS 
(38) differs from the Danian type. Other laud-animals are not 
known in the Maestriehtian. 

From the Turonian strata of Lower Austria conui Rhahdmioa 
(73) represented only by fragments of an immature male ; Htrufh /o- 
sanrus, male and female; and a short-snouted croeodib* 

$aii7'us (13), ti'aces of which have been found in ''Fran syl van ia and 
France. The tortoises are too badly preserved to permit identi- 
fication; the Pterosaurian seems to belong to the Grniihoeht*irid{is 
but this is not quite certain. Going baede from the d’uroiiiaii 1o 
the Cambridge Greensand, we find numerous OrnitluHdieirida*. a 
JRhabdodonAike animal (Aiioplosait rua)^ tlien a 'IVaehotlont Dino- 
saur i*elated probably to the Protraeliodontida* (-bS). Moreover, 
there occurs a species of AettufhophtdiA (71, 54) ami a large 
Sauropodous Dinosaur, Macntrosauvita {*7\)y (h*oeiHlilt*s <if un- 
certain systematic position {^Omvodllm pnmettH Sindtw, etc. 
(69, 70)] occur likewise. 

The farther we go back in the chronology, the more types are to 
be met with differing from the Transylvanian faima. jkven if wo 
admit that the differences are to a certain extent due to >!ot»-geo- 
graphical distribution, this doe.s not explain every euvunistaiRUf, 
JRdiahdodon and OrfJtommta having co-existed in England with 
Mac7^u7^08aw*m, and in Belgium with Vrit»prdodo/i» Therefore 
the Transylvanian fauna, well known in consequence of t!u? vast 
amount of collecting that has been in progress for twenty-five 

^ A revieion of the BtaosaurB of the Cambridge Greeimand wUJ be pub- 
lished elsewhere. 



years, turns out to be in reality nothing; else than the poor remains 
of an older and richer but less-known fauna. 

Thus we have not only to deal with a primitive fauna, but with 
one in which the genera are reduced in numbers while individuals 
are abundant. Apart from tliis, the small sixe of the Dinosaurs 
should be noted, the biggest not exceeding 18 feet in length, tail 
included. 


IV. PAi<.^OGEoaBAPmcAL Data. 

Leaving now the palaeontological aspect of the question and 
reverting to the geological aspect, we find by consulting the most 
accurate pala^ogeographical maps of the Cretaceous Period, such as 
A. de Lapparent’s (41) or D. Haug’s maps (29), or those of T. Arldth 
(3), that the southern 23art of 2 >resent day Illurope, which had been 
a great mass of dry land during Neoeomian times, had become 
during the Cenomanian a mere archij^elagcj. Apart from the 
island which comprised the western j^art of Great Britain, 
Normandy, and Western Sjiain, and a second island in the centre 
of Germany, one island covered the South of France, Corsica, and 
Sardinia, another islander ^lart of one embraced the Alps, Hungary, 
vSerbia, Macedonia, and Thrace , and still another the Dobrudsha 
and a great part of Southern Jlussia. From the great continent 
that Liy in the noi’th, and extended eastwards towards Asia, these 
islands were separated l>y a eontinuoiis eliannel running from west 
to east. Until Lower Senonian times the distribution of land and 
water seems to have reimiined practically the same. Between the 
Lower and Upper Senonian oeeurred, as 1 succeeded in establishing 
in eo-o 2 >eration with Prof. Murgoei, that great tectonic movement 
which jirodueed the [present Carpathian ranges, and therewith the 
main outlines ot! recent Funq^can topography. This movement 
was evidently followed by a period of local emergence ; but, not 
long aftervvard.s, the ennerged regions were }>artly invaded once 
more by the .sea. Pcjrhaps the invasion occurred in the rear of 
the overthrust masses, while the overthrust was going on. 

Tlie IJjqjcr Senonian sea did not in Eastern Hungary invade that 
gri'ut tract of lan<l which had been <*overed ])y its predecessor, l>ut 
the ncwly-fonned d(‘i>ressions ; thus, in accordance with the new 
topography, it wa.s more or less re.stru‘ted to the depressions still 
exi.sting. 'Tw<.> small islands were left uncovered, one corrcsiionded 
in some way to the actual mountains of Bihar, another in a vague 
manner to the l''ninsylvanian Alps. Tlit^se were the small areas 
to which tlu,‘ Dinosaurs wtun* restrictt‘d during Upjier Senonian 
time. 

As the brackish -water beds of Alvincx show, the land soon began 
to emerge again, and the areal mngo of the Dinosaur extended ; 
linally, the isolated tracts unittnl and formed again a large mass of 
dry land, with freshwater lakes and great freshwater swamps 
between them. These lakes lay where during the overthrust, 
behind the overthrust sheets, de 2 )r©ssions had been fonned. While 



the whole continent mse, these dcjn’ossions cnntiinu^d to heeoine 
deeper. This smkin<^ caused the lo<sil accuumlation of 
of coarse iL^ravel and even conj^lonienite, showiniiC n<> in the 

.size of its constituents, and proving thus that the gi*atlienl of the 
fall of the ditferent rivers entering into the lake was tor a very 
long time the same. 

h\>r the information of those unacquainted with sueh gigantic 
non-marine accumulations, it is worthy <»f note that, at a later 
period in the Carpathians, the brackish- water trausition-heds 
i)etween the OHgocone and the MH»ct‘ne (the Aquitanian strata i, 
which likewise consist of clays, sandstones, (‘ongIoiiieratt‘s, and 
layers of coal, attain near Petrozseny a thickness (*xct*etliiig 2lO(t 
feet (o8). 

Jt is similarly interesting to note, as a second t‘xample <if tin* 
sinking of the base wliile sedimentation is going on, tliat in the 
great Hungarian plain (Alfold) the <liluvial “Iluvial ae<*unmiation.s 
go down at Zombor to a depth of t>2 feet, at Szahadka to 200 feet, 
anil at Szeged to JiSO feet. Nev'ertheless, tin* grain of tin* sedi- 
ment does not change in the least, and it continues to he tlti* same 
even in the Levantic strata, which go down at Zombor tt» JlOO fet*! 
below the uppermost diluvial sediments, and in Szabadka to 
80Q feet. The Pontic strata were nowhere encountered, although 
one of the arte.sian wells which furnished the data was driven at 
Szabadka to 1800 feet (27). 

Evidently, similar processes account for the (>000 f<‘et of Dunian 
rocks at Hateeg, which continued to transgress continuously over 
older strata, although the .surface of the country a.s such was 
rising. 

The maximum of emergence was attained in Southern Murope 
at the dawn of the Eocene, when even the Daniatj lakes and 
swamps were drained by rivers, and it .seems as if at tliat time the 
different patches of dr}’’ land in South-Eastern Europe were united 
to the Eiusso-Asiatic continent. Evidently, the nf*wIy-formeil 
land-bridge brought the Eocene mainmal.s into Europe, in tlitf 
Middle Eocene .sediments of Transylvania Froht/rdcodfui orir/ifft/iit 
and BracliyAiastematlieyium tramiflmiiicum are alreatly to be 
met with (37). The Lower Eocene is missing in tlai whoh* of 
Transylvania (30). 

V, The Causes of the E-xtixotton op the Uppeh 
ChETACEOUS V EllTE BE ATES. 

Taking into account the geological changes set forth in tlie 
foregoing pages, we can easily imdei'stHtitl why ancient pre- 
Oenomanian types of terrestrial animals persisted in South- EttHtern 
Europe until the end of the Danian stiige. Wet can, mort^over, 
find an explanation for the remarkably small size of tlie Dinosaiu^s 
of this fauna, for that .seem.s to be an effect of the restriction U) 
the small Senonian islands, which affected neither the smaller 
■crocodiles nor the compamtively small tortoises, but oiilv the 



bigger ereatiu'es. This cIvvarHng is very similar to that observable 
as dating from Pliocene times on various Mediterranean islands, 
wliere only the eomparatively large mammals decrease in size, 
wliile the originally rather small tortoises and originally small 
mammals retain their normal size, or seem even to become biggerd 
Insular isolation, therefore, seems to act differently according to 
the size of tlie animals that are isolated. A])art from all this, 
we can discern some of the various reasons that led to the ex- 
termination of this fauna. One factor was assuredly the invasion 
of Asiatic mammals, wliieh probably disturbed the helj^less Dino- 
saurs of the terra jirma^ such as Slnttliiosaiirtiii^wdiJSregalosaKrus^ 
in much the same nianner as tlie recent placental mammals of 
Australia disturb the Marsupials of that counti’j". The 23ossi- 
bility of such an invasion becomes quite evident if one studies 
Karpinsky’s maps, reproduced in Dacque’s book (14). 

Another factor which jjrobably led to the extermination of the 
herbivorous Dinosaurs inhabiting the lakes and swaiiij^s was the 
drying-ui:) of the country, and lack of marsh- vegetation. 

The bora of the Danian and Senonian rocks of South-Eastern 
Europe is different from the Eocene ilora. In 3>anian times the 
forests of Eastern Euro 2 :)e consisted, as shown by the works of 
L. de Laimay (15), Zeiller (79), Staub (75), and Tuzson (76), of 
Ounninfjlknmites, Detmarifes, Termtromia, Orethieria, Sassafras, 
l^fcus, Tree-Ferns, and Araliaccfe : in their shade grew ferns, such 
as Aspleaium, Gleialietiia, and JPecopteris. In the forest-glades 
lofty ixilms arose, such as Saba I and Jurania', while on the 
marshy grounds near the lakes, JPandanifes trees grew on a ground 
covered with ulrundo. All this indicates a moist and warm climate. 
In contrast to this, the Hungarian Lower Eocene contains already 
great numbers of walnut-trees (77), and therefore trees that 3’egu- 
larly shed their leaves. This shows, that on the Eocene continent, 
perhaps because of lack of moi.sture, the temperature had sunk lower. 

It is a well-known fact that the higher Dicotyledonous flora 
a]) 2 )ears in the Cretaceous Period, and thus it seems that the change 
in the flora precedes the change in the animals that feed ui^on it. 
Curious as this may appear, there is a jmrallel in earliei: ages, for 
at the end of the Paheozoic Era the appearance of the Glosso- 
2 )teris flora in the Southern Hemisifliere and its sju'ead north- 
wards precede in a similar manner the extinction of the herbivorous 
Pakeozoic re2!>tiles JPareiasau7^iis, Dicynodonts, and Dinocephalia.® 

The explanation is quite simjfle, for the flora is directly affected 
by every change of climate ; while the animals for the greater part 

^ D. M. A. Bate, * On a small Oollootion of Vertebrate Remains from 
the Har Balara Cavern, Malta, &c.* Proc. Zool. Soo. 1916, p. 421 ; * On 
Remains of a Gigrantio Land Tortoise from the Pleistocene of Menorca " Geol. 
Mag. 1914, p, 100 ; * Preliminary Note on the discovery of a Pigmy Elephant 
in the Pleistocene of Cyprus * Proc, Roy. Soo. vol. Ixxi (1903) p, 498 ; and 
* Further Note on the Remains of Mephas Cypriotes from a Cave-Peposit in 
Cyprus ’ Phil. Trans. Roy, See. ser, B, vol. exovii (1906) p. 347. 

* See fig. 325, p. 430, in Potonid’s ‘ Lehrbuch der Pal&obotanik ’ 2nd ed. by 
Gothan, Berlin, 1922. 
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feel it indirectly, so long as the change is not very vit>k'nt or 
abrupt. Thus, even those feeding on a certain Horn may Huger on 
for a while after its extinction. 

As to the Ornithoeheiridaj, it was. 1 believe, not so nnudi 
the rivalry of the birds that led to their extinction (fur birds and 
Pterosauria occur together from Junissie times onwards), bill the 
change in climate. The Pterosaurians are tlie only rt‘|>tih‘s ( for 
reptiles we must call them) in whicli we have to prt*sume, <les|dte 
Ax*thaber’s arguments (5), that the bo<ly-tem|>entture was high, 
although the^?” had no heat- 2 >reserving integument. 

Already in the Crocodilia (whicli belong to lla.^ xVrelneosanria, 
and therefore are closely allietl to the Pterosauria) the sejiaration 
of the heart-chambers indicates a comparativtdy advaiUMnl stage* 
(12, 26). They x^reseiit, besides, several stmetures that |u*eveut 
as long as jjossible an influx of blood j>oor in oxygen into the 
brain (12) ; this shows how sensitive is tlie brain in that resj>t‘<‘t. 

In Pterosaurians the brain i.s mueli more develo|jtHl than in 
crocodiles ; besides, it shows a marked increase of size in lluj eourstj 
of evolution, being larger in the Ornitbocheiridse than in 
ceplmlits (4), and we may quite safely infer that in these animals 
it was at least as sensitive to carbon dioxide as in crocodiles, ^riiis 
supj^orts the argument, as H. U. Seeley jjointed out, for a heart 
with sej^arated chauxbers, whereby the body-temperature would be 
mised. Where in human pathological cases the heart-chamberH 
communicate, the body-temjjemture attains only 32® (.\ (77). 

Not only the ciixjulatory, but also the respiratory, organs (»f 
Pterosaurians indicate that the body-tempenitxire was com|«iral i vely 
high. In tliese agile rejxtiles tlie air-sacs were nt>t dcvolopcil 
according to the usual reptilian type, but exttfndcd trven into the 
bones. In birds the air-sacs serve, as j>roved again by Bsur ((> •, to 
augment in evexy possible manner the contact of fresh air with the 
rapidly circulating blood. In the lightly-built primitive dino- 
saurs (62) and Pterosaurians their function was pridHihly the 
same. In lizards the heart heats U) to 201) times, in birds 300 to 
1000 times, in a minute. This second argument e»UTohonites. so 
far as Pterosaurians are concerned, the conclusions arrivi*d at hy 
means of the fij’st. As for l)iiu>.saur.s, 1 do not ladieve that they 
were warm-blooded, for, in the et>«r.se of their involution, the brain 
degenerates (62). 

While all mammals and tlu* warm-blooded birtls have a lieat- 
preserving integument, the 1 Pterosauria had none. 'I'hey in list, 
therefore, with a falling temperjiture liave sufFered more from eold 
than mammals or bird.s; and, since the change of the flora at the 
end of the Cretaceous Period indicates a eooling of tlie climate, 
perhaps we may liave here a clue to tiudr diHuppeamnee (23, 33). 

The coincidence of the extinction of Pterosauria in America with 
the appeamnee of the Kainozoic Horn (11) is a most e-Kimonlinary 
feature, for no direct connexion seems tc) exist between fish-eating 
Pterauodontidie and plants, This indicates the direct influence of 
the climate. 
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The only groups of reptiles that survived in South-Eastern 
Europe beyond the end of the Cretaceous Period were the tortoises, 
which had managed to live on ever since Triassic times, and the 
true^ Crocodilia. Even among the tortoises, a diminution is to 
be found, for the old genera, are in part replaced by new ones 
which appear to have come from Asia. In the Crocodilia, however, 
it seems as if the new Kainozoic forms were the descendants of 
the older forms. 

Since the Mesosuchia retreated, as Prof. L. Dollo remax*ked, at 
the end of the Cretaceous Period into warmer regions, where they 
managed to live on into the Eocene (20), the survival of Eusuehia 
seems at first all the more curious. The reasons for this difference 
were, however, already in jpart demonstrated many 3"ears ago by 
Thomas Huxley (34). It is obvious that, for crocodiles who had 
fed during the Mesozoic Era on sluggish reptiles which could 
only be torn to pieces or swallowed half alive, in Tertiary times 
(when they were rather suddenly compelled to live almost ex- 
olusivelj^ on birds and' agile mammals) the drowning of the prey 
became of very great importance. 

There are three reasons why the Eusuehia were not likewise 
exterminated at the end of the Cretaceous Period, as wer-e the 
Dinosaurs and the other Reptilia. First of all, these animals, 
although living in water, were independent of its vegetation, and 
did not suffer from the draining of the swamps ; they were, there- 
fore, better oif than the Sauropoda and the Ornithopodidse. 
Secondly, the diferent nature of their hunting-grounds prevented 
them from coming into collision with the Eocene terrestxial carni- 
voi’a, as did the Thex’opoda. Lastly, they suffered less fx’om the 
ohange of climate than the Pterosauria ; for, on account of their 
low body-tempei'ature, they did not feel the loss of heat. It was 
•only at the end of Miocene time, when the Eui'opean climate 
became much coldei*, that the ci’oeodiles wei’e expelled fi’om Europe 
together with the palm-trees and the i*emainder of the subti’opical 
vegetation, and dilven towai'-ds the tropics. 

To sum up, we see how the preservation of a pi'imitive Jux’assic 
land-fauna until the end of the Cretaceous Pei'iod was brought 
about by a geographical factor, and then we see again how the 
alteration of this factor led, in part directly, in part indirectly, to 
the neaily total extermination of that fauna. 
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Discussion. 

Dr. A. Smith Woodward welcomed this paper as anotlno* 
tribution to our knowledge o£ the Gretaceous Diiiossaurs, which had 
often been discussed by the Society. He had visited Traii.sylvania 
with the Author, and was able to conllrm several of his interesting 
geological observations. He thought the Author's interpreta- 
tion of the Dinosaurian fauna in question, as representing the life 
of an island, both ingenious and satisfactory. He was glad to 
add that the most important part of the Author's collection was 
ah'eady in the British Museum, and he hoped that the remainder 
would follow. 

Prof. W. W. Watts was much interested to learn that si*- 
dentaiy and armoured Dinosaum had e.xceptionally small hi'ain.s. 
The^ geological record seemed to show that ‘ passi ve ittsisters ' 
relying upon armour, horas, etc. were always w'orsted in (com- 
petition with those developing teeth, claws, and sj>eed. Tin? still 
more active flying creatures would naturally reqiiii'c better braiiis, 
and he asked the Author if it were possible to indi(.‘ate wlndhcr 
the development of wings had preceded or followed the l>rain- 
developmenfc. 

The Chairman (Mr. B. D. Odd ham) x’emarked on the interest 
of the paper, as illustrating the Lyellian principle of continuitv 
between the past and the present, by the evidence which hud been 
pi’odueed of the existence in Cretaceous times of conditions verv 
.similar to the present-day survival of an atavistic fauna in the 
-Australian islands. 

The Author, replying to Prof. Watts's que.stion, said that he 
believed the development of hmin and power of flight to 
reciprocal, and so it was not possible to aver that one gave rise to 
the other. Wliile agreeing completely with Wjitts that tin? 

•development of armour was likely to a#eet the quality of the brain, 
he nevertheless pointed out that the reduction of hmin is remark- 
.ahle in all Dinosaurs, and not only in the armoured forms. 

In answer to the Chairman’s remark, the Author stated that, in 
the paper itself, he had not omitted to draw attention to the recent 
Marsupial fauna of Australia. 


rAuril 11th. 1023.1 
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5. The GrEOLoaiCAE History of the Genus t^TUATiOTEs\ an 
Account of the Evouutignary Changes %ohich have 
occurred 'within the Genus duri^ig Tertiary and Qua- 
ternary Times. By Miss Marjorie Elizabeth Jane 
Ohanbler. (Communicated by Mrs. E. M. Keib, B.Sc., 
F.L.S., E.G.S. Bead April 12th, 1922.) 

[Plates V VI.] 

I. Introduction. 

Stratiotes aloides^ the Water- Soldier or Water- Aloe, is a well- 
known monotypic European and Siberian plant of the Mono- 
cotyledonoiis family H^^'drocharitacese ; palaeontological studies of 
recent years have shown this plant to be the sole survivor of an 
ancient genus which was living far back in the Tertiary Era. 

II. History of PALiEOBOTANicAL Intestioation. 

The princii^al land-marks in the palseobotanical study of Stratiotes 
arc as follows : — 

1, 1822. The description of Carj)olithes thalictroides Adolphe 

Brongniart; var. “(Paris Basin) ; var. ere (New- 

port, Isle of Wight) (2).i 

2, 1833. Description of a second species, Folliciilites Tcalten- 
oiordheimensis Zenker, and the suggestion that Brongniart’s fossils 
belonged to this genus (7). 

3, 1892. Description of a third species, Faradoxocarj^tis cari^ 
natus Nehring, from Pleistocene beds (33). 

4i, 1892, later. Kecognition that Nehring’s JParadowocarptfS 
was a species of Folliculites of Zenker, by Potoni^ (36). 

5, 1896. Identification of Folliculites as Stratiotes by Keilhack 
(54, 56), F, carinatus being synonymous with S. aloides Linn, and 
F. JcalteniiordheimeQisis being an extinct species. 

Apart from these points, the whole literature of the subject is 
a mass of controversy. The confusion has been inci’eased by the 
fact that S. wehsteri and F, haltennordheimensis had been in- 
adequately figured and described ; while, owing presumably to a 
strong generic resemblance, shown by the figures (which jEailed, 
nevertheless, to make clear the specific distinctness), the two 
names were frequently used as synonyms. The disorder occasioned 
could not be cleared uj) by an appeal to type-specimens, for, in the 
case of Stratiotes wehsteri, these, and the type-locality too, were 
lost. Moreover, other species had also become involved in the 
chaos under one or both of the two names. 

1 Numbers in parentheses refer to the Bibliography, § IX, p. 133. 

Q. J. G. S. No. 314. K 
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In order to illustrate the difficulty thus occasioned, the followiiij^ 
instance is given. In the Isle of Wight four different species 
occur at three different horizons, namely: S. ]iea<loucn,si,Sy sp. nov., 
in the Lower Headon Beds; S. neglecfui^, .sp. nov., in the J5enil)ri(lgc 
Series; S, acuticostaites, sp. nov., and anotlier wliieh lias h<*en 
retained as S. icehsteri (see below) in the Hanistead Beds. All 
these four had, at one time or another, been referred to /S'. irrhHfrri, 
which had thus become a groiip-naiiie to indicate any raf iolcn 
from the Isle of Wight. But the absence of the lypes, and 
ignorance as to which of the green clays near Newport liad yielded 
those types, combined with the poorness of ihc figures and de- 
.■scrij^tions, left as a matter of doubt whicdi of tlie four specii's was 
the original S. loehsteri of Brongiiiart. Clearly, tlH^refore, it was 
necessary to go hack to the beginning, and to obtain types (where 
possible) which could be carefully com} >a red. d’hese have been 
obtained in every instance but that of N. But in lf)Ol 

JZinndorf (60) had described and figured carefully under this name 
a Stratiotes from the Tlj^per Middle Oligocene of the Maycnee 
Basihj and his S23ecies agreed in all resj^eets with one of the Engli.sli 
forms from the Hamstead Beds. In order to keep an old name, 
familiar in the past literature of the subject, this species of Ziniuhn f 
has been retained as S- wehsteri Zinndorf (P Brongniart). 

III. StBATIOTEH AZOIDESl DiAG-NOSIS OE FkEIT AND SliKD. 

In order that the relationship of the fossils with /S'. may 

be appreciated, and the past changes in the genus undcJ’stood, a 
desci'iption is given of the living seed. 

Fruit. — Excellent accounts of the fruit are extant by Lubbtx'k 
(39) and Nehidng (57) ; but, as the seed a]<jm; is prest.*rv4*d 
in fossilizatioii, the structure of the fruit is of no eonsctpuuu'c 
here. 

Seed. — From one to four occur in each loculc, generally a few 
are abortive and stunted.* Each seed is anatropous, ahnosi t*reei, 
situated in the locule with its mphe towards the centre td* the 
fruit, while the nearly contiguous hiluin and luiei’ujiyle aiv diri*t*ted 
towards the outside wall. In shajie hisjnmiotrie, oblong, narrow 
and bolster-like, slightlj’’ hooked at the base, and vtfry slightly 
flattened laterally; provided with a keel in the plane td* syiiuneiry 
running down one side from the apex to the base, anti etattinued 
just round the base on to the oj^posite side ; the k<,*el carries the 
raphe. At the proximal end a small knoh-iike prtijeef it>n, the 
‘collar’, occurs; it is j^enetrated by the micropyle, aiuriis prest‘nee 
determines the hooked fox*m of the seed. Tlu^ collar is .st»j«iniied 
from the main body by an ill-deflned cf>n.striction— fht? Mieek 
(See text-figure 1, p, 119 <fe PI. V, fig, 23.) 

The testa consists of three layers: (i) An outer layer of 
spirally thickened cells, which swell "in waiter anti hc<*ume mneilai- 
.ginous. This is geneiully destroyed wiiolly or in pairl tluring 
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fossilization, but ti-aces of it may frequently be seen clinging to 
fhe surface of the fossils, (ii) A thin woody layer ornamented 
•externally by a series of pits arranged more or less regularly in 
longitudinal rows, (iii) A thin, closely adherent sldn lining the 
■seed-cavity, which consists of elongate spirally-thickened cells with 
•double walls crossed by fine canals (see PL VI, fig. 22). The 
woody layer (i), as a rule, forms the surface in the fossils ; the thin 
inner skin (iii) is frequently well-preserved, and in all species it 
isliOAvs the same microscopic features. 



The proximal end of the seed with its collar is defined as the 
base, and the opposite end as the apex; the keeled edge is the 
dorsal, and the opposite edge the ventral side. 

In germination the testa splits into symmetrical halves from the 
base along the keel to the apex, and, although these halves may 
remain joined for a time, they eventually fall apart. 

The interior of the seed shows the basiventral micropyle, passing 
through the wall either veiy obliquely, horizontally, or in a reflexed 
manner, and narrowing markedly towards the exterior; it also 
show.s the raphe traversing the length of the keeled dorsal margin 
diagonally, and entering the cavity at the apical chalaza (see text- 
figure 2, above, and PL VI, fig. 20). 
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The tegmen is thin, and is attached at the l)ase to the hy 
a thread which passes into the micropyle ; at its apex a, lilaek hat- 
shaped strncture (the ‘caruneula’ or ‘hutchen’ o£ Gernian writers) 
marks its attachment to the chalaza (iig. 2, p. 119). 'riu* (‘ells ot‘ 
the tegmen are elongate, with beaded walls (PI. \Ij hg. 21 ). In 
recent seeds the embryo lies within the tegmen ; but, as it is 
absent in the fossils, where the seed-cavity is occupied by the 
empty tegmen only, it does not concern ns here. 

The length of fully develoj^ed recent seeds is From 9 to 
7*25 mm., and the breadth about 2*5 mm. 

IV. The Possin Species. 

The fossil seeds all conform to the general structure deserih(‘d 
above, although they show modifications in detail, giving rise to a 
graded series of species so closely linked that, in the absence c»f all 
parts of the plant but the seeds, it is illogical to separate any one 
species as a distinct genus. Attention is drawn to this point, 
because attempts have been made among German paheobotanists 
to retain the Tertiaiy species as Foil icuU tea (44, 00, 70, 72, 7Jl;. 

As the result of recent investigations, nine species are 
recognized : — 

9. Siraiiotes aloides Linn. : Pleistocene and Preglaoial. 

8. 8. intermedius Hartz : Preglaoial. 

7. 8. tuheTculatus E. M. Peid ; Lower Pliocene and Upper Miocene. 

6, 8, Icaliennordheimensis Zenker ♦. Lower Miocene. 

5. 8, ihalictroides Brongniart : Upper Oligocene. 

4. 8. acuticostatus, sp. nov. : Hamstead Beds, Middle Oligocene, 

3. S.toehsieH Zinndorf (? Brongniart) ; Hamstead Beds, Middle 01igofM‘ne. 

2. 8, neglectus, sp. nov, : Bembridge Beds, Middle Oligocene. 

1. 8, Tieadonensis, sp. nov. ; Lower Headon Beds, Upper Eocene. 

Thus a series is known stretching far hack into the ^IVvtiary, 
some forms being close in time, others separated by gaps whielv 
further search may ultimately help to fill, 

V. Eyoluttoxaet Changes, and Tirp; JiiOLATroxsiiu' 

BETWEEN THE DiEPEEENT SPECIE.S. 

In studying evolutionary changes, it is logical to pursue tluun it> 
the order in which they have taken place in Nature; therefore, ilie 
changes in the genus will be followed from the oldest to the iiewe.st 
species. 

The form of the seed. — ^Eocene seed.s are small, short, iiukl 
broad; Oligocene, Miocene, and early Pliocene seeds are (on the 
whole) sturdier and longer ; Preglacial, Pleistocene, and recent 
seeds are long and narrow (see PL V, fig.s. 1 to 23). 

The collar and neck. — In Eocene, Oligocene, and Miocene 
species the neck is well-defined, hence the collar is conspicuotus ; 
Preglacial, Pleistocene, and recent examples have an ill-defincci 
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neck and small collar ; consequently, body and collar are less clearly 
distinguished one from the other, and the hooked form of the 
seed, due to the lateral projection of the collar, is less marked (see 
PL V, figs. 1 to 23). 

The keel has passed tlirough three stages: (a) in the Eocene 
species it stops short of the base on the dorsal side, does not merge 
into the collar, but terminates against the neck or the top of the 
collar (PL V, figs. 1 <fc 2). (5) In Oligocene and Lower Miocene 

species it still ends on the dorsal side, but extends to the base of 
it, and gradually merges into the collar (PL V, figs, d to (3, 7, 
10 to 15). (c) In Upper Miocene to recent species it is continued 

round the base of the seed, below the collar, and terminates on 
the ventral side (PL Y, figs. 16 to 23). 

The testa. — In older forms the testa is thick and woody, the 
■external ornamentation rugged and pronounced. In the Eocene 
species especially, but also in some Oligocene species, the longi- 
tudinal rows of tubercles of the external surface are so arranged 
as to give a ribbed appearance to the seeds (PL Y, figs. 1 to 12). 
In Miocene and Pliocene species the elongate tubercles still tend 
to he arranged in longitudinal rows, and are still abundant (PL Y, 
figs. 15 to 17). In the Preglacial Siratlotes inter medma^ tubei*cles 
are very distinct, but sparsely scattered (PL Y, tigs. 18 & 19). 
In Pleistocene S. aloides, tubercles may or may not be ]present 
(PL Y, figs. 20 to 22) : if present, they are ill-defined and few. 
In recent S, aloides^ tubercles are absent ; but occasionally the 
surface is obscurely aiigulate (PL Y, fig. 23). 

The micropyle. — In Headon and Bembridge seeds, basal or 
sub-basal, only slightly oblique (PL Y, figs. 24—28); in the 
Hamstead species, B. acuti costatus, sub-basal and oblique (PL Y, 
figs. 29 & 30) ; in Lower Miocene seeds, sub-basal and very 
oblique (PL YI, figs. 9-11) ; in Upper Miocene to recent species 
basiventral and very oblique, horizontal or even recurved (PL YI, 
figs. 12-15, & 17-20). 

The raphe. — In Upper Eocene species, usually marginal from 
base to apex, passing directly to the seed-cavity (PL V, figs. 25 & 26) 
at the apex ; in Middle Oligocene species, marginal from the base 
to the middle of the dorsal side, thence diagonal to the apex, the 
diagonal portion being therefore abrupt and short. Two minor 
modifications occur in the Oligocene ; in S, neglectus (Bembridge) 
the diagonal part is curved, and divides the dorsal wall either 
equally, oi* so that the part external to the diagonal is rather 
narrower than the part internal to it; in the closely allied 
B. acuticostafu>s (Hamstead) the diagonal part of the raphe is 
less curved, and so divides the dorsal wall that the width of wall 
outside is equal to, or more commonly greater than, the width 
inside (see PL Y, figs. 27 & 28 with figs. 29 & 30). 

In Lower Miocene to recent species the raphe runs diagonally 
from the basal hiluin to the apical clialaza. B. haltemiordheim- 
ensis shows the fii*st oecmTence of this long diagonal type (PL YI, 
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ligs. 9-11). A slight modification of it is soon in Strri/lofrs 
tuberculatus, where the raphe enters the seed-ciivity slightly 
below the apex, in such wise that the diagonal is a little short<;r 
and more abrupt than in S, TcaltennordliGlmansiH and B. a I aides 
(PL VI, figs. 12-14, 16). 

The cells of the interior of the keel. — in Ileadoii and 
Bembridge species these are very complex ; interlocking digitaiions 
are developed across the keel from seed-cavity to external edge. 
The digitate cells are convolute, contorted or puckered, so that 
complicated patterns are produced (PL \T, figs. 23 A 21). In 
Oligoeene and Lower Miocene seeds, tlie digitate cells are elongate 
23 arallel to the long axis of the seed, and may still i)e traced 
across the width of the keel (PL VI, figs. 25-27). B, fi(hrrcul<thts 
(U]Dper Miocene, Lower Pliocene) is interesting, for, while it retains 
the sturdiness and the rugose ornamented testa of the older species, 
in the cell-structure of its keel it forms an important link between 
these older species (which some would still ^dace in genus 
dFolliculites) and the Pleistocene and recent species. Thus the 
digitate cells are found at the inner edge of the keel ; but they 
give place to non-digitate, elongate, jparallel- sided cells on the 
keel itself, a character which is also seen in B. intermedim and 
S. aloides (PL VI, figs. 28-31). In keel and microjiyle B. hther^ 
culaim also approaches these more recent forms (p. 121), yet 
the fact of its belonging to the same genus as B. Jcaltennopd- 
heimensis cannot reasonably be questioned (see PL V, figs. 15-17 
and PL VI, figs. 9-14). 

The Pleistocene and Preglacial B. aloides furnishes a eom]>leic 
evolutionary series, in which gradual changes can l^e traced from 
faintly tuberculate individuals that recall B. intermedia to per- 
fectly smooth examples indistinguishable from the ty])e (recent) 
B, aloides. These tuberculate and smooth forms are fouml sidti 
by side in the same bed, which may furnish a graded series of 
specimens illustrative of the passage from one to the? other. U’he 
evolutionary series is so eomj)letely set forth that it is impossible 
to draw a dividing-line between those iu*ovided with tii]>ei’eles and 
those (like the recent B. aloides) lacking tuhereltis. An eariiijr 
stage is probably represented by the closely-allied ;S'. intermedins., 
in which the rugosity of the testa is a constjint eharatJter, aiul 
it is the occurrence on the one hand oLthis rugose Preglacial fossil, 
and on the other of a recent smooth seed, which brings out Urn 
significance of the association of smoother and rougher individuals 
in Pleistocene dejDosits (see PL V, figs. 18-23). 

Thus the Tertiary and Quatei*nary Eras furnish ti eoniiecttfd 
series, the members of which constitute links in an evolutionary 
chain, while sufficient evidence remains to in<lieate soinetidng <if 
the general lines along which changes have takmi place. 
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YI. A Subsidiary EyoiiUTioKART Series. 

The sj^eeies just discussed perhaps illustrate the main trend o£ 
evolution in the genus Sirafiofes ; but, in addition, a branch-line, 
which has left no descendants, is represented by two species in the 
Oligocene : websteri Zinndorf (Middle Oligocene) and S. ihalic- 

iroides Brongniart (Upper Oligocene). >S'. websteri is peculiar in 
having a hilum which varies in j)osition from the middle of the 
dorsal margin to the apex: when apical it is almost always 
associated with a beak, and this gives rise to a sigmoidal seed ; for 
other positions of the hilum the beak is absent or feebly developed, 
its absence giving rise to the common hooked foi’m of seed. The 
canal of the raphe is also remarkable: when the hilum is mid- 
dorsal, it is marginal to the aj)ex and then transverse ; for other 
positions of the hilum it is ti-ansverse, either obliquely or directly''. 
It occurs in widespread localities — in the Bovey Tracey lignite of 
Devon, the Hamstead Beds of the Isle of Wight, and ibhe Middle 
Oligocene Gyrena Marls of the Mayence Basin (PI. V, figs, 7- 
12, 31 & PI YI, figs. 1-5). 

B, thalictroides in the Upper Oligocene of the Paris Basin is 
known only from casts, but it shares the same peculiarities of 
form and ijtructure. It is more elongate than B, websteri^ the 
average relation of length to breadth in B, websteri being only 
2'B15 and in S. tJialiefroides 3*5, while in individuals of this 
species it rises to 4 (PL Y, figs. 13-14 & PL YI, figs. 6-8). 

The contrast between the short transverse raphe and dorsal 
hilum of B. loebsteri, and the long raphe and basal hilum of 
B. al aides, etc. led some investigators to separate the two types 
generically. On these grounds, Zinndorf gave to B. websteri 
the new generic name Btratiotites (60). As all other characters 
of the seed agree with Btratiotes, such a separation seems un- 
necessary, especially as a simple explanation of the short raphe can 
be suggested. This depends on the fact that in fossilization the 
outer layer of the testa — a conspicuous feature of B. aloides — is 
nearly always destroyed (see p. 118). In B. headonensis, the 
eailiest-known form, the raphe lies on the extreme margin of the 
woody layer of the testa, but sufficiently within to be preserved. 
In the succession of species which lead from B, beevdonensis to 
B, aloides, the raphe becomes more and more deeply sunk within 
the woody layer (see pp. 121 <fc 122). If, now, it had happened 
that in the oftshoot represented by B. websteri the raphe, instead 
of passing towards the interior, had moved even slightly to the 
exterior, so as to lie between the median hard and the outer spongy 
layers of the testa, then, in the pi'ocess of fossilization, the spongy 
layer and accompanying mphe would be lost, and the apical part 
of the I'aphe (which in its passage to the seed-cavity traverses the 
median layer) would alone be pi'eserved, resulting in the form 
seen in B. xoebsterL 
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YII. Summary axd Gexerau CoxciH sioxs. 

f- The relationship postulated between the different speei<‘.s f>f 
Stratiotes may be summarized in the followiiiL** diagram, which is 
merely a suggestive phylogeny, and is not intended to illustrate 
the pi'ecise limits in time of any of the species : — 

Time-Sciile. 
liceciit 

Upper PliucenL*. 


Subsidiary Xiine Main Line of 

of Evolution. Evolution. 

1 8. alotdes. 


8, interm oil ins. 


8. tuherculatus. 


Lower Pliocene. 
Ujjper AliiKjene. 


8, wehateri. 
S» iTialiciroides, • Bovey ? 



8. lealtennordh eimeusis. 


8. aciiticostains. 


8. neglectus. 


8. headonensis. 


Lower Miocene. 

Upper Oligooonc. 

Upper Middle 
Olig’ocone. 

Low'er Miildlo 
Oligroccno. 

Upper Kocono. 


Eesearches on Stratiotes have a botanical as well as a geological 
significance. From the botanical point of view, it is interetding 
to trace the varied history of a genus which is nifjnotypic at the 
present time. In regard to the geological value, it i.s *hope<l that 
Stratiotes may eventually prove to be a useful time-index in cor- 
relating isolated freshwater dej^osits, for the following reasons : — 

^ (1) We know that some species had a fairly wide ftrcojgrraphitjal rang’o : for 
instance, 8. websteri and 8. kaltennordheiinensis (pp. 128 <fc 180). 

(2) There is also grood reason for supposing that each Kpiicics had a Hiiiitcnl 
mnge in time:^ thus, in beds so near one to the other as the Botabridge and 
Jaamstead Senes, there are distinct, though clf)sely related, foriiiH. 

(3) Finally, where Stratiotes occurs, it is abiuidant and ri}a<lily rc'Cognizcd. 

There is one particular case in which it seems possible tbat iluH 
plant may prove of use in correlation. 8. torhsfeH is known from 
the Hamstead Beds and the Oyrena Marls of the Mayence Basin, 
both of which are Middle Oligoeene. It also occvirs in the 
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Traco}^ lignite, wliich may j^ossiLly therefore bo rather older than 
has been generally thought. 

I have been enabled to do this work by a grant from the 
Deixxrtment of Scientific & Industrial Kesearch, which I hold as 
a liesearch Student under Mrs. E. M. Keid. 

But for the kindness of many persons, both in this country and 
abroad, who gave or lent sjxeciinens of Stratiotes, it would have 
been im^xossible to conduct an investigation such as this, which 
involves the study of material from diverse localities. In this 
connexion I would mention Dr. Knud Jesseii (Denmark), 
M. Gustave E. Dollfus (France), Dr. W. Gothan, Dr. P. Menzel, 
and Dr. J. Zinndorf (Germany), and Mrs. Reid, Prof. J. E. Marr, 
and Mr. G. W. Colenutt in this country. 

It had long been realized by the late Clement Reid, F.R.S., 
that the whole question of Stratiotes xvas in great need of re- 
investigation, and it was his intention to stud^'" the subject 
thoroughly. With this end in view, he had brought together 
many examples, including a great number of specimens of S. atoides, 
recent and fossil, from English and German localities, S. Tcalten- 
nordheimensis from various localities in Germany, S. loebsferi 
from the Isle of Wight, and many specimens of S, lieadonensis 
also an extensive literature on the subject. 

All this material has been placed at my disposal by Mrs. Reid. 
For this, and for her many other kindnesses, which include most 
valuable help and criticism, I thank her very warmly. It has 
been a great privilege to have been entrusted with the carrying 
out of this work. 


YIII. Description of Species. 

1. Stratiotes iieadonensis, sp. nov. (PI. V, figs. 1-3, 24-26 
& PI. VI, lig. 23.) 

1851. OarjiolUhes thalictroideis Brongniart (Wright 11). 

185C. C. thnlirtroides Brong-niart (Forbes 15). 

1862. FolUcidites thalictr aides Brong:niart (Bristow 21). 

1887. C. (F.) wehsteri Brong-niart (Starkie Grardner 29). 

1888. C. thalictr aides Brongniart (Gardner, Keeping- & Monckton 30). 

Seed oblong, ovate or tending to be trigonal or quadrangular, 
hooked at the base, liattened; keel usually veiy broad and flat, 
frequently from a third to half the breadth of the seed, not 
continued round the base, not merging gradually into the collar ; 
collar small, pronounced, warty ; testa tliick, woody, ornamented 
with longitudinal ridges which are more or less continuous from 
neck to apex, where they gradually die out; sui'face of keel usually 
without ridges ; external pitting of surface fairly eoai’se and 
uniform on body and keel. Micropyle basal or sub basal, slightly 
oblique; hilum basilateral, often marked by an angle at the 
margin; dorsal wall thickest towards the base; I’-aphe marginal 
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or nearly marginal to the apex, where it passes fliivctly intc* the 
seed-cavity; digitate cells of the interior of tlie keel very contorted. 

Dimensions. — Dengtli = 6‘5 mm.; breadths: I- mm. (largest 
example). Deng'th=3*2o mm. ; breadth =:2‘25 Inm. (smallest 
example). Length=:4*5 mm, ; breadth =3 *20 to 2*2o mm. (average 
specimen). 

Horizon. — Upper Eocene, Lower Head»)n H<*ds. 

Localities. — Hordle (Hampshire); Colwell Hay (Isle ot 
Wight). The species is distinguished by its small size, its lla1nt‘ss. 
its great breadth, largely due to tlu‘ ]>ruad flat keel, its marginal 
raphe, and its higdily contorted cells on the ki‘el. In uorn 
examples the marginal ra])he is frequently in part eivxled : it 1 hen 
appears to enter halfway up the dorsal e<lge of tin,* seed. Many of 
the Colwell Bay speeimens appear to have sufb ‘n?d fr<»in the 
attack of a fungus, as they are frequently distorted, and bear 
irregular warts or spines ; often the distorted sjux-iinens are 
marked by sjdierical brown pustules, near which tlnw ttnid to 
crack. 

The Hordle speeiinen.s were particularh^ abundant in Beds lO 
and 31 of E. B. Tawney & H. Keeping.^ 

2. Stratiotes necjlectus, sp. iiov. (PI. V, figs. 4, 27-2S iSc 
PL VI, fig. 24.) 

1856. Folliculites thal ictroid.es var. Brongniart (Forbes 15). 

1887. CarpolUhes (F.) ivehsteri Brongniart (Starkio Gardner 2t)). 

1889 -f n'ehsteri Broiigrniart. 

*\? F. thalictroides Brongniart (Briatow-Straban-Kuid 31 ). 

Seed oblong or suboval, hooked at the base, ilattenc-cl ; keel 
moderately broad to narrow, not continued round the base, merging 
gradualty into the collar. Collar large, prominent, rounde<U 
smooth; testa thick, woody, with irregular longittulinal tuhendcs 
often coalescing to form longitudinal ridges, not continued on to 
the collar, frequently pi-esent, although les.s well-<letinc<l on the 
keel; pitting of suiface faii-ly coar.se; nuerojwle basal or sub- 
basaj,. slightly oblique ; hilum dorsal, near the base; raphe marginal 
from the hilum to the middle of the dorsal side, thcr<?a,ftcr diagonal 
to the apex, where it enters the seed-cavity. The curvatuiH* of the 
diagonal portion is such that the width of testa e.xtcrnal to the 
raphe is usually less than the width of testa on its inner side; 
digitate cells of the interior of the keel tortuous anti iron vt dub*. 

Dimensions, — Length=S*5 mm. ; l)readt]i=:3*5 nun. ( largest j. 
Length = 5*5 mm.; breadth = 2*5 mm. (smallest). Length rr:; 
7 mm. ; breadth =3 *5 mm. (average specimen). 

Horizon. — Middle Oligocene, Bemhiddgo Marls. 

Localities. — Grurnet (G-urnard) Bay, Hamstead, Thorness 
Bay, and ? Foreland Point (Isle of Wight). The .speeinttms wcr«‘ 
abundant in clays and marls, and also in solid blocks of pyi’ites in 
the marls. 

Affinities. — See S. acitticosiafns (p. 127). 

1 Q. J. a. S. vol. xxxix (1888) p. 566. 
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3. Strattotes acuticostatus, sp. iiov. (PL V, figs. 5-6, 29-30' 
& PL VI, fig. 25.) 


1862. 1 
1862, ^ 
1887. 

1889. 1 


? Folliculites par isiensis Brong*iiiart 1 • , 4 . n 

?F. thalictroides var. Brongniart f ^ 1 ;. 

? Carpolithes wehsteri Brongniart (Heer & Pengelly 22). 
? F, wehsteri Brongniart (Starkie Gardner 29). 


Seed oblong or narrowly oval, very slightly hooked at the base,, 
flattened ; keel generally broad, especially in the larger and better- 
developed specimens, continued as far as, but not round, the base ; 
collar small, irregular, flattened below ; testa thick, woody, orna- 
mented with very conspicuous, sharj), longitudinal ridges, the edges 
whereof are often serrate, surface of keel showing occasional 
ridges ; pitting very coarse ; on the whole outer surface the pits 
have a tendency to be arranged in transverse rows, which are best 
seen on the keel and ridges. The outline of the seed when viewed 
from the interior is crested and serrate at the apex and sides ; 
micropyle subbasal, oblique ; hiluiii at the base of the dorsal edge ; 
iTiphe marginal from the hilum to the middle of the dorsal margin, 
diagonal thereafter ; the curvature of the diagonal portion is so 
slight that the width of the testa external to the raphe is equal to 
or greater than the width of testa on its inner side; digitate- 
cells of the interior of the keel straight, with their length parallel 
to the length of the seed. 

Dimensions. — Length =6 *75 mm. ; breadth =3 mm. (largest).. 
Length=:5*5 mm.; breadth=3 mm. (smallest). Occasionally 
pockets occur which contain only stunted or undeveloped specimens,, 
the length of these varying from 5*5 to 4 mm. and their breadtli 
from 2*5 to 2 mm. 

Although the seed was doubtless originally somewhat flattened, 
a certain amount of flattening is due to subsequent pressure, since 
di-fferent exainjdes show compression in different directions. 

Horizon. — Middle Oligoeene, Hamstead Beds. 

Localities. — -Bouldnor Cliff, Yarmouth (Isle of Wight) 
Hamstead (Isle of Wight). 

Affinities. — This species is very closely related to S.neglectuSr 
of which it seems to bo a somewhat later form. The chief 
external features in which it differs from that species are the 
broader keel, the smaller, more irregular, battened collar, the 
sharper ribs, and the very coarse pitting. Viewed internally, the 
apex and sides show a crested serrate outline ; while S, nerjlectti-s, 
when similarly viewed, shows an unbroken outline. The chief 
internal distinction is seen in the diagonal portion of the raphe ; 
in S, neglectus this is more curved than in S. acuiicostatus^ with 
the result that the part of the keel external to the raphe is usually 
narrower than the part inside the raphe in 8, ne gleet m, while it 
is generally wider than the paif inside in B, amticostatws. 
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4. Stjbatiotes WEBSTEiii Ziiiiidorf (?I5rongiiiart). (PI. V, ligs. 
12, 31 & PL yi> figs. 1-5, 26.) 

1822. Carpolithes tlialictroidcs var. B. ivehatari (A«I. Broiig-iiiiu’t 2;. 
1822. G. thaVictroides var. B. irebi<teri (Ad. 

1849. O. ivebsteri (Ad. Broiigiiiart 9). 

1856, Folliculites minufitlus "Broim (J. D. Hotjkor 11). 

1856. F. thalictfoides var. Broiigfniart (Forbes 1.5). 

1862. G. ivehsteri Brongiiiart (Heor <fc Poiij^tUly 22). 

1 Rrs i BrongTiiart. 

F. thalictroiiles vai*. Brong'nisii't (Br^Kto^v 21 ). 

1863. G. irehsteri Broiigriiart (Heer 23). 

1874. G. Webster i Brongniart (Scliimper 2<>). 

1887. C. (F.) icebsieri Brorig-iiiart (Starkie Clurdjier 29). 


1889. 


'•{S 


fhalictroides 


trebsteri Broiigiiiart j 


(Bristow-Stralian-K’eid .Si). 


1893. F. bcilfetinordheinieusis Zenker (Pntoiii** 4S). 

1893. F. icebsteri Brongniart (C. Koid in Neliring: l-l). 

1893. G. tlialiciroides var. irebsteri Brong-niart (X(‘hrin|g M ). 

1894. F. ivebsteri Brongiiiart pro var. Potonie (Pijtonit' .50). 
1897-99. Stratiotes icebsieri (Potonio 58). 

1901. Stratiotites ivebsteri Brongniart (Zinn<l»rf 60). 

? 8. ivebsteri Potonie (Bngene Dubois 61). 

? 8. ivebsteri Potonie (Engelhardt «& Kinkelin 66). 

8. ivebsteri Brongniart (C. & E. M. Keiil <>S). 
jS. Icaltennordheimeiisis Zenker (E. M. lleitl 71). 

JF. I'alteimordheimensi^ var. minima \ 

) Stratiotes ivebsteri ( i --o 4 

}a.icebsteri : {.Mcu/.-i .-j. 

^Stratiotites ivebsteri J 


1906. 

1908. 

1910. 

1920. 

( 

1920. - 


Seed oblong, almost cylindrical, hut .sliglitly tlalletuftl laterally, 
either somewhat sigmoidal or hooked; keel narrow, often beaked 
a,t the apex, frequently convex e-xteriorly, not eoniimaal roun<! tliif 
base, merging into the collar gradually ; collar large, niunded ; 
testa thick, wood^’-, ornamented with longitudinal ridges wbiidi 
run from neck to apex, where they end in the beak if it Im* present : 
pitting rather fine on body, collar, and keel, very fine along the 
dorsal edge of the keel; dorsal wall hroiulening greatly t-owar<ls 
the apex ; inicropyle basal or sub-basal, very slightly oblique ; 
hilum dorsal, variable in position: it may occur at any point on tbt* 
dorsal margin between the middle and the apex, when u}iical it is 
almost invariably associated^with a beak (siginoitlul .seed j, otln*r- 
wise the beak is absent or but feeblj* developed (hooki*d seed) ; 
raphe short: when associated with a inid-dunsal hilum it is marginal 
to the apex, and then ti'ansverse, for other positions of the hilum 
the raphe is transverse, either obliquely or directly; digitate cells 
of the interior of the keel straight, parallel to tlie lengili of the 
keel. 

Dimensions. — Length =7*5 mm. ; breadth = 3 mm, (largt‘st), 
Length=5-25 mm. ; brGadth=2*25 mm. (smullcst). 

Horizon. — Middle Oligocene (where the horizon is <Iefinitdy 
known). ? Uppei* Oligocene. 

Localities. — Upper Middle Oligocene, Susswasserstdiicht of 
the Qyrena Maids, Offenbach -am-Main ; Hamsttmd Beds of Hum* 
stead and Bouldnor Cliff, Yarmouth (Isle of Wight); lignite of 
Bovey Tracey (Devon). 



part 2] aEOiiOGiCAii histoby or the gents steatiotes. 12^ 

Affinities. — See Stratiotes fhalicfroides (below). 

It is interesting to notice that Bristow (21) realized that two- 
si^ecies of Stratiotes occurred in the Hamstead Beds. In his list 
of fossils he refers to these as JJ'olliculites parisiensis Brongniart 
and JB', tJiallctroides Brongniart respectively. This point has. 
always been overlooked by other workers, who not only failed to- 
discriminate between the two Hamstead sj^ecdes, but also between 
the Hamstead, Bembridge, and Headon sj^ecies in the Isle of 
Wight. 

5. Steatiotes thalictboides Brongniart. (PJ. Y, figs. 13-14- 
& PI. VI, figs. 6-8.) 

1822. Carpolithes tlialictroides var. A. parisiensis (Ad. Brongniart 2). 

1822. O. thalictroides var. A. parisiensis (Ad. Brongniart 3). 

1833. Folliculites thalictroides var. parisiensis Brong^niart (Zenker 7). 

1849. G. thalictroides (Ad. Brongniart 9). 

1862. F. thalictroides Brongniart (Heer & Pengelly 22). 

1893. <7. thalictroides YQX . parisiensis Brongniart (Nehring 44), 

Seed oblong, narrow, almost cylindrical, but slightly flattened 
laterally, sigmoidal ; keel narrow, convex exteriorly, with a small 
beak at the apex, bi’oadening gradually towards the apex, not con- 
tinued round the base, merging gradually into the collar ; collar- 
moderately large, rounded ; testa ornamented from neck to apex 
with longitudinal ridges which terminate in the beak, ridges absent 
or feebly developed on the keel ; pitting coarse, except along the- 
dorsal margin of the keel where it is very fine ; microiDyle sub- 
basal, slightly oblique ; digitate cells obscure. 

This species differs in its mode of preservation from all others, 
examined. It occurs as easts, both internal and external, in a 
siliceous limestone ; such casts as were available for study showed 
the complete external form and sculpture, but (of the interior), 
only the basal half. 

!Desj)ite this fact, a comparison of the characters of S, tlialic- 
troides and of other species lends a high degree of prohabilit}^ to- 
the following infei*ences : — 

(1) The dorsal wall would appear to broaden towards the apex. 

(2) The hilum would seem to be associated with the apical beak on the 
dorsal margin ; it certainly cannot have occuined a position below the middle- 
of the dorsal margin, as is seen by studying the available internal casts. 

(3) The raphe would sooui to be short and transverse, for this form of 
raphe is associated with the sigmoidal form of Stratiotes seed. 

Dimensions. — Length=7‘5 to 8 mm.; breadth=2 to 2'5 mm.. 

Horizon. — Upper Oligocene, Calcaire de Beauce. 

Localities. — Longjumeau, Seine-et-Oise (in the Meuliere- 
supdrieure, Ohattien-Pormitien) ; Yilliers, near Pontchartrain ; 
Palaiseau ; Villeginis ; Chapelle Milon, near Cheviwse. 

Affinities. — The distinctive features of the species ai’e its 
great length and relative nan'owness (see p, 123) as also its sig- 
moidal form. The nearest allied species is 8. wohsteri, whicht 
occurs at a lower horizon in the Oligocene (see p. 128). 
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^6. Stbatiotes KAT/rENNOBJDHEiMENSis Zenker. 

<fc PL VI, figs. 9-11, 27.) 

1825. 9 GarpolitTies minutulus (Sternberg- 4). 

1832. 9 Carjiolithes grer/avuts (Bronii C). 

1833. Folliculites Icaltennoydheimeusis (Zenker 7). 

1850. Nyssa aspera (Unger 10). 

1852-53. F. Jcaltennordheimensis Zenker (Broun 12). 

1855. Pimis yahdoapenna (Hear 13). 

1859. O'. I'aliennordheiniensis Zenker (Heer 17). 

1859-61. 1 } (Ludwig 18). 

1861. F. in ijiutuUts Bronn (Unger 20). 

1862. O. irehsieri Brongniart (Heer & Pengelly 22). 

1863. O. icebsteri Brongniart (Heer 23). 

1874. Carpites irehsteri Brongniart (Seliimper 2t>). 

1892. F. wehsteri Brongniart in-o var. Potonie (Potoni«* 3(i). 

1893. F, Imlteunordheimeusis Zenker (Potonie 13). 

1893, F. l-altemLordheimensis Zenker (>» eh ring 14). 

1893. F. lialtennordheimensis Zenker (Potonie 48). 

1894. F, wehsteri Brongniart pro var. Potonie (Putonie 5<i). 

1895. F. I'altennordheimeusis Zenker (Nchring 51 ). 

1896. F, hnlieniiordheiinensis Zenker (G. AinlerwHon .53), 

1896. S. Icalteunordheiineusis Zenker (Keilhaek 51). 

1896. S, Jcaltennordh&imensis Zenker (Keilhaek 56), 

1896. S. halieunordheimensis Zenker (Nehring 57). 

1897-99. S. tvehsteri Brongniart (Potonie 58). 

1905, 9 8. wehsteri Potonie (Eugene Dubois 61). 

1908. f 8. wehsteri Potonie (Engolhart it Kinkelin 65), 

1909. 8, lealtennordheimensis Zenker (Hartss 67). 

1921. F. lealtennordheimensis Zenker (Men/.el in Potonie 70), 

1920. S. lealtennordheimensis Zexxkav (E, M. Reiil 71). 

1920. F. lealtennordheimensis Zenker (Men/.el 72). 

1921. 8. lealtennordheimensis (Kriluael 73). 

Seed oblong, occasionally snbqiiadrungulur, or siibovatc, 

;at the base ; , keel narrow, not continued round the ba.si*, nu.*rging 
gi'adually into the collar ; collai’ large, pronoun<*c<l, rounded ; testa 
thick, woody, ornamented with elongate tubeivle.s arranged in 
longitudinal rows, sometimes foxmiing longit udiiial ridges ; pitiing 
fine, conspicuous over the whole surface ; micropyltf sub-basul, very 
oblique ; hiluin basal ; raphe diagonal, pas.sing across the length o? 
the keeled dorsal margin, entenng the sccll-cuviiy at it.s apex ; 
digitate cells of the inner sui'face of the keel .slightly irregular, 
though approximately parallel to the length of the scfal; on those 
cells that are near the internal cavity the digitations are absent or 
few. 

Pimensions.— Length=7*5 mm.; biuadth = 3 nitu. (largest K 
Length==5*5 mm. ; breadtb=2'5 luiu. (smallest). 

H o r i z o n. — Lower Miocene, Brown Coal. 

Localitie s, — Kaltennordheim (Jthon) ; Thiiringi.‘rwuld ; JSal/.- 
hausen; Fichtelgebirge ; Wetterau (various localities ) ; M(j.sl»ach 
near Wiesbaden, Mayence, etc. ; Bav-Pindelag, Copenhagen 
<remaine). ^ 

Affinitie s, — See Stratiotes tuberciilutm (p. 131). 

A number of very small forms from the Miocene clay of tlie 
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Marie oelire-mine, liingsberg, near Frielendorf (Hessen), have been 
described by Dr. Menzel as Folliculites haltennordlieimensis var. 
Qninima (72) ; these he regards as distinct only in their small size 
from F, kaltennordlieimensis, I could not examine the specimens; 
but, judging from the figures, which showed them to have a 
decidedly sigmoidal outline, I thought it probable that they were 
small examples of wehsteri. 

From Dr. Menzel’s letters I learnt that S. haltennordlieimensis 
and S. tvehsteri had been united under the former name. One 
would not expect S. wehsteri in Miocene clays, unless it were 
reiiianie, and it certainly occurs in the underlying Oligocene of 
Hessen. This problem can only be solved by the field geologist. 

7. SrilATIOTES TUBERCUEATUS E. M. Reid. (PI. y, figs. 16-17 
PI. VI, figs. 12-16, 28.) 

1920. B. tuherculatus (E. M. Reid 71). 

Seed rounded-oblong or ovate, hooked at the base, scarcely 
flattened ; keel moderately broad to narrow, convex to the exterior, 
not merging into, but continued round, the base of the collar as 
far as the micropyle ; collar moderately large, usually conspicuous ; 
testa thick, woody, ornamented with narrow elongate tubercles 
arranged in longitudinal I'ows and sometimes foi*ming longitudinal 
ridges, present also on the keel ; pitting fine, conspicuous over the 
whole surface. The outline, seen from the interior, is often, though 
not invariably, crested and serrate ; micropyle usually basiventral, 
rarely sub-basal, oblique, horizontal, or seldom recurved, narrowing 
markedly towai’ds the exterior ; hilum basilateral ; raphe diagonal, 
passing across the length of the keeled dorsal margin, entering the 
seed- cavity below the apex ; cells of the inner side of the keel 
long, naxTOw, and pai'allel-sided, not digitate, immediately within 
the cell-cavity becoming bi'oadei’, more irregulax’, and digitate. 

Dimensioixs. — Length=8miu. ; breadth=3'25 mm. (largest). 
Length=5*5 mm. ; breadth=3‘25 mm. (smallest). Specimens of 
avei’age size vary from 7*5 to 6 mm. in length, and from 3 ’75 to 
3 mm. in breadth. 

Horizon. — Ui^per Miocene and Lower Pliocene. 

Localities. — Miocene (Pontien) lignite of Ohambeuil, Miu*at 
(Cantal) ; Pliocene lignite of Pont-de-G-ail, St. Clement (Cantal). 

Affinities. — S. tuherculatus is vei'y closely related to S. leal- 
iennordheimensis ; they agree very neai’ly in the character of the 
external sculpture, but the foimi of 8. lealtennordheimensis is on 
the whole moi'e slendei’, and its keel is not continued round the 
base as in 8. tuherculatus. Internally, the species may be dis- 
tinguished by the chai'acter of mici’opyle and raphe : in 8. iuher- 
oulatus the micropyle is commonly hox'izontal or recurved, while 
in 8. JcaltomordheimensiSf though usually veiy oblique, it never 
becomes hoi-izontal or x-ecuiwed. In 8. tuherculatus the I'aphe is 
diagonal throughout its course and it approaches the seed-cavity 
veiy gi'adually, enteinng it below the apex of the doi'sal side. In 
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S. halteniiordlieimenBis the raphe is diagonal, t*xcept ai its 
extreme inner end, where it becomes tmnsverse ; it enters the s«‘ed- 
cavity at, and not below, the apex of the dorsal si<l(‘. 

The diffc'erences just noted are dift’erenees ot clet^Tee rather than 
of kind, and there can be no doubt that tlie two s}>ecit*s are closely 
related forms. 

On the other hand, in the keel and micropyle, an<l in the tad Is 
of the inner side of the keel, it apprciaelics the Prej^dacial and 
Pleistocene species (see p. 122). It thus constitutes u valuable 
link between the ancient and tlie modern types of /S7/*a//o/c,v. 

8. StEATTOTES INTEUMEDIUS Hai’tz. (PI. V, Is -IP PI. VI, 
figs. 17, 29.) 

1906. aloides Linn. (Menzel C2). 

1909. jS. aloideat var. intermedins (Hartz 67). 

1920. 8, aloides var. intermedins (Mcnzcl 72). 

Seed oblong, narrow, feebly hooked at the biists vt-ry slight I v 
flattened; keel moderately broad, cre.sted, not merging gradnallV 
into the collar, but continued round the base to the inicropvh'; 
collar small, insignificant, because not separated from tin* body by 
a clearly defined neck; testa thin, woody, ornamented with a* few 
small, blit rather acute elongate tuberedes arranged in h>ngitudinal 
rows; pitting fine; micropyle basiventral, tran.sver.se or retlexed, 
narrowing markedly towards the exterior; hilum basal ; raphe 
diagonal, traversing the length of the dorsal and hasjil walls; i.-eils 
of the interior of the keel narrow, parallel-sided, not iligitate, 
becoming broader, more irregular, and digitatt^ at tlu* edge l>f the 
seed-cavity. 

Dimensions. — Length==10 mm.; bi'eadth=::$ mm. (h»ngest). 
Length = 9 mm. ; breadth =3 mm. (shorte.st). 

Horizon . — Pregl a'cial. 

Localities. — Amber-Pin Beds of Copenliagen. These hisls 
are Pleistocene, but they contain an admixture t>f Tiudiarv and 
Quaternary plants. Preglacial Beds of Eime, near iJantcln 
(Hanover). 

Affinities. — See 8. aloides (p. 133). 

9. Stbatiotes aloibes Linn, (fossil forms). (PI. V, tigs. 2«) 22 
<fc PI. VI, figs. 18^19, 30.) ^ 

1856, ? Follictdites neuwii'thiamts (Massalonpro 16). 

1878. ? F, neuicirthiaiiiis Massalongo (Scmlolli 28), 

1892. ? F. nenwivthianus Massaloixgo (B. von Wottstoin dl), 

1892. Faradomocarpxis caHnatns (Nehring^ 34). 

1892. P. carinatxis (Nehring- 35). 

1892. F, carinatus Nehring (Fotoni^ 36). 

1892. P. carinatus (Nehring 37). 

1893. F. carinatus Nehring (Potoni^ 43). 

1893. P. carinatxis (Neliring 44). 

1893. P. carinatus Nehring (Wober 45). 

1893. P. carinatus ISTehring (Weber 46), 

1893. P. carinatus Hehring (Weber 47). 

1893. F, caHnatus (Nebring) Potoni4 (Potonie 48). 
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1893. P. carinatns Neliring* (Clement Reid 49). 

1894. F. caHnatus (Nehmigr) Potonio (Potonie 50). 

1896. F. carinatns (Nehriiig-) Potoniu (Nehring 51). 

1895. F. ca rinatas (Nehruig) Potonie (Nehring 52). 

1896. F, carinatns Nehring (G. Andersson 53). 

1896. Stratiotes aloides Linn. (Keilliack 54). 

1896. B. aloides Linn. (Nehring 55). 

1896. B. aloides Linn. (Keilhack 56). 

1896. B. aloides Linn. (Nehring 57). 

1897-99. 8. aloides Linn. (Potonie 58). 

1899. B. aloides Linn. (Clement Reid 59). 

1905. ? 8. websteri Potonie (Eugene Dubois 61). 

1906-07. 8. aloides Linn. (Schroder & Stoller 63). 

1907. 8. aloides Linn. (O. & E. M. Reid 64). 

1908. ? 8. ivehsteri Potonie (Engelhardt & Kinkelin 65). 

1908. 8. aloides Linn. (0. & E. M. Reid 66). 

1909. 8, aloides Linn. (Hartz 67). 

1911. 8. aloides Linn. (Krause 69). 

1920. B, aloides Linn. (Menzel 72). 

The description already given of the recent S, aloides holds 
good for the fossil species (see p. 118). In one iDarticiilar only is 
there ever any difference worthy of remark. The testa of the 
recent aloides is invariably smooth or ornamented with very 
obscure ridges, and this is frequently true also of the fossil 

aloides ; but, in addition to the smooth forms, there are other 
rougher ones associated with them, and in a series of fossils from 
a given locality it is often possible to trace every gradation 
between the rougher and the smoother forms. It is iinpos.sible to 
place a dividing-line between the two types, and to aver that here 
one si>eeies or variety ends and another begins (see p. 122). 

Dimensions. — Length =7*2 to 9 mm. ; breadth = 2 to 3 mm. 

Horizons . — U pper Pliocene, Pleistocene. 

Localities. — Tegelen-sxir-Meuse near Venloo (Limburg), 
Upper Pliocene (Teglian of Peid) ; Cromer Forest-Bed (Beeston, 
Pakefield, Sidestrand, and Gorton), Uj)per Pliocene (Cromerian 
of Held) ; South Elmham (Suifolk) (Interglacial of Beid) ; peat- 
beds of Klinge near Cottbus (Interglacial of Nehring) ; Jutland 
(Interglacial of Hartz). 

Affinities. — A very close relationship exists between S. aloides 
and the Preglacial intermedius. The latter didfers only in 
being a larger, stouter form, having a crested keel, also more pro- 
nounced and more numerous tubercles. 
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EXPLANATION OF PLATES V & VI. 

Plate V. 

[Figs. 1-23 exteriors, 24-31 interiors of the seeds ; 
o = clialaza 5 ]i=liilum; k=keel ; m=micropyle ; t=tegmcn ; x— raphe.] 
Pig. 1. Btratiotea headonensis, Lower Headon, Hordlo. X 7. (See p. 125.) 

2. Stratioies headonenaiSj Lower Headon, Hordle. X 5. 

3. Btratiotes Jieadonenais, Lower Headon, Colwell Bay (Isle of Wight).. 

X 5. 

4. Btratiotes neglectus, Bembridge Marls, Hamstead Ledge (Isle of 

Wight). X 4. (See p. 126.) 

6. Btratiotes acuticostatiis, Hamstead Beds, Bouldnor Cliff (Isle of Wight)., 
X 4-5. (See p. 127.) 

6. Btratiotes acuticostatuSg Hamstead Beds, Bouldnor Cliff (Isle of Wight ). 

X 3*5. 

7. Btratiotes tvehsteri, Hamstead Beds, Hamstead (Isle of Wight). X 

8. Btratiotes icehsteri, dorsal view, Hamstead Beds, Hamstead (Isle of 

Wight). X 5. (See p. 128.) 

9. Btratiotes xoehsiei'i^ base, Hamstead Beds, Hamstead (Isle of Wight). 

X 5. 

10. Btratiotes ivehsterij Lignite, Bovey Tracey (Devon). X 2, 

11. Btratiotes websteri^ Lignite, Bovey Tracey (Devon). X 4, 

12. Bto'atioies %cebsteri^ Cyrena Marls, Offenbach-ain-Main. X 'ko. 

13. Btratiotes thalictroides, Calcaire de Beauce, Longjuiuuau (cast), X4.. 

(See p. 129.) 

14. Btratiotes thalictroides^ Calcaire de Beauce, Longjumoati (oast), x4. 

15. Btratiotes Icaltennordtieimensis, Kaltennordheim. X 4. (Sec p. 130.) 

16. jSfmfioies lignite, Pont-de-Gail, Lower Pliocene. X 3*5. 

17. Btratiotes tuberculatus, ventral view, lignite, Pont-de-Gail, IiOwt>r 

Pliocene. X 3‘5. (See p. 131.) 

18. Btratiotes intermedins ^ Preglacial, Eime, near Hanover. X 3. 

19. Btratiotes intermedins, ventral view, Prcglacial, Eime, near Hanover.. 

X 3. (See p. 132.) 

20. Btratiotes aloides, Cromer Forest- Bod, Beeston. X 3*5, (See p. 1.33.X 

21. Btratiotes aloides. Pleistocene, Klingo, near CottbuB, X 3*5. 

22. Btratiotes aloides. Pleistocene, Klinge, near CottbiiH. X 3*5. 

23. Btratiotes aloides, recent. X 3*5. 

24. Btratiotes headonensis. Lower Headon, Hordle. X 7. 

26. Btratiotes headonensis. Lower Headon, Hordle. X 5* 

26. Btratiotes headonensis. Lower Headon, Colwell Bay (Isle of Wight). 

X 5. (See p. 125.) 

27, Btratiotes negleetus, Bembridge Marls, Hamstead XA?tlgo (Isle of 

Wight). X 4. (See p. 126.) 
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Fig. 28. Stratiotes oierilecius, Bombridgo Marls, Haiiistead Ledge (Isle of 
Wight). X 4. 

29. Stratiotes acuHcostatns^ Hamstead Beds, Bouldnor Cliff (Isle of 

Wight). X 4*5. (See p. 127.) 

30. Stratiotes aruHc.ostatns, Hamstead Beds, Bouldnor Cliff (Isle of 

Wight). X 4. 

■31. Stratiotes u'ebsteri^ Hamstead Beds, Hamstead (Isle of Wight). X4. 


PliATE VI. 

[Figs. 1-20, interior of seeds j 21-31, cell-structure.] 

Fig. 1. Stratiotes websteH^ Hamstead Beds, Hamstead (Isle of Wight). X4. 

2. Stratiotes websteri^ lignite, Bovey Tracey (imperfect j shows raphe). 

X 4. (See p. 128.) 

3. Stratiotes loebsterii lignite, Bovey Tracey (imperfect ; shows micro- 

pyle). X 4. 

4. Stratiotes wehsteri, Gyrena Marls, Offenbach-am-Main. X 4. 

5. Stratiotes websteri, Gyrena Marls, Offenbach-am-Main. X 2. 

6. Stratiotes thalictroides, Calcaire de-Beauce, Longiumeau (imperfect ; 

shows micropyle). X 4. (See p. 129.) 

7. St7'atiotes thalictroides, Calcaire de Beauce, Longiumeau (restoration 

of interior). X 4. 

8. Stratiotes that ictro ides, Calcaire do Beauce, Longjumeau (transverse 

section). 

9. Stratiotes Lower Miocene, Kaltennordheim. X4. 

10. Stratiotes Icalten.anrdheimensis, Lower Miocene, Salzhausen. X 4. 

11. Sb'at iotes ItnltemioQ'dheimensis, Lower Miocene, Mosbach, Wiesbaden. 

X 4*5. (See p. 130.) 

12. Stratiotes tahereaXalns, Pont-de-Gail Lignite, Lower Pliocene (very 

oblique micropyle). X 5. (See p. 131.) 

13. Sb'at kites tnhercalalns, Pont-do-Gail Lignite, Lower Pliocene (re- 

flexed micropyle). X 4. 

14. Stratiotes tuhei'cidatns, Pont-de-Gail Lignite, Lower Pliocene (hori- 

zontal micropyle). X 4. 

15. Stratiotes tahereidaiiis. Upper Miocene Lignite, Chambeuil (imper- 

fect ; shows micropyle). 

16. Stratiotes tnherc.idatas, Ui^per Miocene Lignite, Chambeuil (imper- 

fect ; shows raphe). 

17. Stratiotes iibtermedms,'PveglaiGiol,Bime,I£Q,rioYQr. X 3. (Seep. 132.) 

18. St7*aiiotes aloides, Cromer Forest-Bed, Booston. X 3*5. 

19. Stratiotes aloides. Pleistocene, St. Cross, South Elmham. X 3, 

20. Stratiotes aloides, vooQTLt* X 3*5. 

21. Strat iotes aloides, recent, colls of tegmen. Much magnified. 

22. Stratiotes aloides, recent, cells of innermost layer of testa. Much 

magnified. 

£Figs. 23-31. Cells of the interior of the keel; the external edge is always to 
the right, and the internal edge to the left, of the figures. All 
much magnified.] 

23. Stratiotes headonensis, Lower Headon. 

24. Stratiotes neylectus, Bembridge Maxis. 

25. Sb’a, Hates aeiitieostatiis, Hamstead Beds. 

26. Stratiotes imhsteri, Hamstead Beds. 

27. Stratiotes Icaltemiordheitnensis, Lower Miocene, 

28. Stratiotes tnhereulatm. Lower Pliocene. 

29. Stratiotes intermedins, Pi'oglaoial. 

30. Stratiotes aloides. Pleistocene (Klinge). 

.31. Stratiotes aloides, recent. 
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Discussion. 

Mrs. E. M. Reid stated that this was the first atteiiii>t to trace 
the geological history of a genus of plants thnnigh a study of 
fossil fruits and seeds. Owing to the coin])arative novelty of the 
subject and the few deposits examined in this way, the knowledge 
of the geological range of species was usually very iiu])eH\^et, 
though a considerable amount was known of tlie fossil history oF 
many genera on the botanical side. In the ease of the 

abundance and marked character of the seeds early attracted the 
attention of geologists, and much material was colleetiHl. With 
regard to the age of the Dovey Tracey lignite, independent 
palseobotanical evidence supported the Author’s suggestion that it 
was older than had hitherto been thought, but IM'rs. lieid considered 
that our knowledge was not yet suftieient to ]>laee it definitely. 

Dr. E. A. Bather, in congratulating the Author on a pa])er of 
remarkable interest most lucidly presented, enquired why a genus 
Avith so many species Avas called ‘ monotypic.’ The details of the 
evolution suggested many thoughts ; he AA^ould ask only wliother 
the Author could suggest any adaptive cause of the continuous 
changes. 

The Author replied that the Avord ‘ monoty]>ic ’ was used us 
applied hy botanists to the recent plant, of which there was only 
one living species, S. aloides, and that, so far as one could judge, 
there was no special adaptive piu’pose served by the evolutionary 
changes described in the fossils. 

With regard to the Glacial Period, Straf/oles could furnish no 
new evidence : there Avas no decided break in the evolutionary 
series, and JS. aloides, at any rate, A\^as of little A'aliio as an indt‘'x 
of climate, since it ranged from he^^ond the Arctic; circle into 
Central Europe. 

In using the term ‘Preglaeial’ in the case of the fossils from 
the Cromer Eorest-Bed, from Eime (near HanoATr), and from 
Copenhagen, the Author had adopted the chronology of the late 
Mr. Clement Reid and of those foreign geologists \vfio had made 
a special study of the beds concerned. 
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6. Oligocene Mosquitoes in the Brittsti Museum; with cv 
SuMMAiir of our present Knoweedoe concerning Fossiu 
CuEiciUo^E. By Frederick Wallace Edwards, B.A. 
(Communicated by W. Campdell Smith, M.C., Sec.Gr.S. 
Head April 12tli, 1922.) 

[Plate VII.] 

In 1916 Prof. T. I). A. Cockerell described some fossil mosquitoes 
in the United States National Museum, from the Oligocene of the 
Isle of Wight. The material that he described consisted only of 
diqjlicates from the Brodie Collection, the main portion of which 
remained in the Geological Department of the British Museum 
(Natural History). When Prof. Cockerell came to England in 
1920, he undertook the study of the main Brodie Collection of 
fossil insects, and found in it a considerable number of mosquitoes ; 
at his suggestion I readily undertook to work out this material, 
and I wish to express mj^ indebtedness to him for assistance and 
advice. My thanks are also due to Dr. A. Smith Woodward, 
F.R.S. and to Dr. F, A. Bather, F.Jl.S., for the facilities which 
they have afiiorded me. The descriptions and figures of Cockerell 
not being entirely clear, Dr. leather obtained from Dr. B. S. 
Bassler, of Washington, photographs of the types of Cockerell’s 
three species. These are reproduced here (PL Yll), and have 
been of great assistance in deciding upon the synonymy. 

As explained by Prof. Cockerell in a recent paper, the material 
examined belongs in part to the British Museum and in part to the 
late Mr. It. W. Hooley, F.G.S. In the descrij^tions which follow, 
specimens belonging to the Museum are referred to by the letter I 
and their regi.ster-n umber, those belonging to Mr. Hooley (but 
deposited at the Museum) by the letter H. All the material 
is from Gurnet Bay (Isle of Wight) from Middle Oligocene 
deposits, and almost all was collected by E. J, A’Court Smith 
and the B.ev. P. B. Brodie. 

In addition to studying the Gurnet Bay material, I have 
searched throxigh the whole of the Purheek and amber collections 
in the British Museum, in the hope of finding mosquitoes in them, 
but without success. 1 found, however, the types of several 
Ncmatocera which have been referred to the CulicidiB, and as the 
study of these has yielded some interesting results, it seems worth 
while to make some remarks about them, and at the same time to 
summarize what is already known about fossil Culieidse. 

Jurassic Species. 

No Culicid is definitely known from the Mesozoic as yet ; the 
following doubtful forms may possibly belong to the family, but 
more probably do not. 
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Corethrium ^ertinacc Westwood.^ Lower Purbeck, Swjina^-e 
(Dorset). The name implies that Westwood considered the 
specimen to be allied to Qoreihra^ but it is almost eerttiinly a 
species of Ti]pula. Only a portion of a wing is preserved. 

Gulecs foBsilis Brodie.® Purbeck, Vale of Wardour (Wiltshire). 
The type is in the British Museum ; the 2:>reserviitioii is not very 
good, and the characters are difficult to make out. A 2>liiniosc 
male antenna is visible ; one leg shows a small simple claw on two 
detached tarsal segments ; the xmlpi are apj)arently short and 
curved. The wings are not in’eserved. This is most ])robably a 
Chironomid : the genus Dara has been founded for it by C. G. A. 
Giebel.s 

Ithyphus priscus Brodie.^ Purbeck, Vale of Wardour (AViltsliire). 
This is most probably not a Wiyplius^ since the legs, so far as 
they can he made out, seem too long and slender. The general 
appearance of the specimen does not exclude the 2)ossibility that it 
may be^ a Culicid ; there are obscure structures in front of the 
thorax in the type, which may possibly be the inouth-jiarts and 
antennae of a mosquito, but they may also be portions of a dis- 
placed wing. Giebel has proposed the generic name JBria for this 
fossil, hut there is nothing in the type by which it can be definitely 
assigned eyen to its correct family. 

Eocene Species (North American). 

Quleco proavitxi^B Scudder.^ Fossil Canon, White Kiver (Utah), 
U.S.A,^ One badly preserved and poorly figured specimen. From 
the evidence jDresented by Scudder in his description and figure, 
this would not appear to belong to the CuUcida3 at all. It may 
be a I^Jilelotomus or some other small Psychodid. 

Ouleco damnatoriom Scudder.^ Green liiver (Wyoming), U.S.A, 
Three female specimens rvith short palpi (figured as a little over a 
quarter as long as the proboscis). Proboscis rather short, equalling 
the front femora in length ; orbital bristles remarkably well 
preserved j first hind tarsal segment shorter than the tibia ; tip of 
abdomen apparently damaged ; wing-venation not preserved. 
Evidently a Culicine mosquito ; perhaps a true Gulex^ but it 
cannot be definitely assigned to that genus on the information 
available, Pi'obably a re-examination of the sj^ecimens would 
I'cveal other characters not mentioned by Scudder (for exam2)le, 
the condition of the claws might be ascertainable). 

Gulex winchesteri Cockerell.'^ Green Biver horizon. Cathedral 
Bluffs (Western Colorado), U.S.A. The jiroboscis is ap2^arently 

^ Q. J. G*. S. vol. X (1854) p. 3S7 & pi, xv, fig*. 2. 

2 * Fossil Insects ’ 1845, p. 34 & pi. iii, fig xv. 

® ‘ Farma der Vorwelt * 1856, p. 254. 

‘ Fossil Insects ’ 1845, pi. iv, fig. 10. 

^ ‘ Tertiary Insects ’ 1890, p. 682 <& pi. v, figs. 8~9. 

^ Ibid, p, 582 <& pi. X, fig. 14. 

^ 1919); Proo. TT.S. Nat. Mas. vol. Ivii 

(1920) p. 248 pi. XXXV, fig. 2. 
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longer than in O. damnatorum, and tlie palpi proportionately 
shorter (scarcely a sixth as long as the proboscis). The ti23 of 
tho abdomen (female) is said to be blunt, this perhaps indicating 
an affinity with iUileoc rather than with Aedes. Wing- venation 
not well preserved. 

Corellira escila Sendder.^ Chagrin Valley, White lliver 
(Colorado), TJ.S.A. A single poor siDeeimen, badly figured. 
Although referred by Scudder (with doubt) to Qoratlira, it seems 
possible from the statements made that this form might be a 
mosquito with the proboscis broken off. On the other hand, there 
is so little preserved that it might almost equally well be a 
small Tipulid. 

Oliqoceke Species. 

(a) Baltic Amber (Lower Oligocene). 

The existence of mosquitoes {Gu-lea:') in Baltic amber has been 
mentioned bj^ E. von Schlotheim,^ Y. de Motschulsky,^ Otto Helm,^ 
and P. Meunier,^^ but no specimen has yet been described. Cnlecs 
loewii Oiebel is referred to at the end of this paper under 
Quaternary species. Helm’s statement, that he possessed a male 
and female of G. pipims from amber, requires confirmation as 
i*egards the identity of tho species. 

llochlonyiv se 2 )}iUus Meuuier.® Evidently referred correctly by 
Mounior to the genus 3£oclilonyx, Another species (?) of the 
genus has been mentioned under the name JMl, atavus by H. Loew.® 

Gorctlira cilia t a Meunier.7 Evidently a true Ghaohorus (Gore- 
thra ) . It is of interest to note that, in its small size, the specimen 
agrees rather with the existing Oriental than with the Palsearetic 
species. It would be unsafe, however, to draw any conclusion 
from this. 

Dixa sucemea Meunier® and D. onimita Meunier.® Both these 
species differ only in minor details from recent si)ecies. JD. minuta^ 
especially as regax’ds the position of r—m before the fork of Ms, is 
not unlike D. ohscitra Loew. 

{b) West German Paper-Coal (Upper Oligocene). 

Gul idles ferliariiis Heyden.^^ Exact locality not stated. The 
t^'pe is in the }5ritish Museum (Natural History), in excellent 

^ * Tertiary Insects ’ 1890, p, 583 & pi. v, jfigs. 22-23. 

- ‘ Petrefaktoiikniido Doutsclilanda * 1820, p. 43. 

•* Bull, Soc. Imp. Nat. Moscou, vol. xviii, pt. 2 (1846) p. 98. 

^ Sclirift. Naturw. Gesollsch. Banzigr, vol. ix (1896) p. 222. 

Bevuo Scient. du Bourbonnais, vol. xv (1902) p. 199. 

‘ TJobor die Dipteron-!Fauna dcs Bernsteins ’ 1861 ; see Handlirscli, ‘ Die 
Fossilon Insekton ’ vol. ii (1906-1908) p. 971. I have been luiable to consult 
liOew's paper. 

" Bull. Soc. Fntom. Fmneo, 1904, p. 89, fig’s. 1-3. 

^ Ann. Soi. Nat. ser. 9, vol. iv (1906) p, 395 & pi, xvi, figs. 8-9. 

•* Jfjoc. cit, fig. 7, 

Paleeontograpbica, vol. x (1862) p. 79 & pi. x, fig. 30. 
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preservation ; there are several specimens on one slab of paper-coal, 
obviously pupjB of a CJiaohorus (Ooreilira). The cliuracteristic 
hexagonal structure of the thoracic resiDiratoiy organs is clearly 
visible under a magnification of 75, and the size and general 
appearance is closely similar to that of the existing European 
species. 

CtilecG ceyx Heyden.^ Rott, Siebengebirge. The figure shows a 
female mosquito with short palpi and somewhat pointed abdomen, 
but the wing- venation is not indicated. 3t is possibly an Aedea. 
I am indebted to my friend Mr. P. H. Grimshaw for the loan of a 
specimen, said to be this species, from the Royal Scottish Mnscnm, 
collected at Rott, the t\qDe-loeality. The specimen is of little 
value, however, as it shows only portions of the thorax and 
abdomen ; there is nothing to prove tliat it is a mosrpiito at all. 

(c) Upper Oligocene of Aix-en-Provence. 

Culicites depereti Meunier.® Although Meunier simply defines 
^ Qulicites^ as ‘with the appearance of Ciilejc or Qoi'ethra,'’ \\\^ 
photogra];>h shows what is obviously a typical Culicine moscpiito. 
The wing-venation is not well shown, hut some vein-scales are 
preserved. The specimen is a female, with palpi nearly a third as 
long as the proboscis. The tip of the abdomen aT^pcars to he 
damaged. 

MriopteHteB tertiaria Meunier. s Although Meunier states 
that his specimen is ‘ incontestablement ’ an JLrioptera, he never- 
theless proposes the new generic name ^riopterites . for it. 
Inspection of his photograph makes it peibectly obvious that it is 
not a Tipulid at all, but a species of Dioca (possibly identical wdth 
D. o7iimita Meunier), with a venation similar to that of the recent 
-D. obscura Loew and D. clavulus Will. 

The occurrence of Corethra in these dej)osits has been mentioned 
by Hope.^ 

{d) Middle Oligocene of the Isle of Wight (Gurnet Ray). 

J)i(ca priscula Cockerell.® This diffei\s slightly from most 
i*ecent species in having the cross-vein Qn-cii> unusually obli(|ne and 
placed somewhat before r-m, 

Abdes peotolbpis (Cockerell). (PI. YII, hgs. 2-4 text- 
figs. 1-2.) 

CulenB profolepis Cockerell, Proc. U.S. Nat. Mus. vol. xlix (1016) p. 488 
<fc pi. Ixii, fig“. 1. 

c?. Culex peto'ifaeiellus Cockerell, Ibid. p. 489 & pi. Ixi, fig. 12, 


1 Falaeontographiea, vol. xvii (1870) pp. 252, 266 & pi, xir, 21, 
f Verhandl. Akad. Anasterdam, sect. 2, vol. xviii (1916) No. 5, p. 16, photo. 
•* Ibid. p. 16. 

Trans, Entom. Soc. Eondon, vol. iv (1847) p. 252. 

® Ann. & Mag. Nat. Hist. ser. 9, vol, vai (1921) p. 466. 
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In Prof. Ouckcreirs close ri]jtions stress is laid on tlio small size 
of Giilejc pelrifactellus in comparison with G. jirotolepis. The 
photographs of the types, however, show tliat tliere is really 
scarcely any difference in size between the two ; this is, incleecl,. 
fairly obvious from the measurements given by tlie author. 
These measurements show that the wing of G. ‘pf^^G'ifacteUuH 
narrower than that of G. protolepis^ and has somewhat shorter 
fork-cells. Such diiferenees are commonly associated with sox 
in recent mosquitoes, and it seems to be most j^i’obable that the 
same is true of fossil forms. In response to a cjucry by Prof. 
Cockerell, Dr. Harrison G. Dyar has kindly examined the tyjjes in. 
the Washington Museum, and informs me that, in his 02 :>inion, 
G. peirijactellus may be the male of G. protolepis. 

Aedes protoleph is abundantly rej^resented in the collections in 
the British Museum (Natural History). Ai)art from 24 male and 
14 female S 2 :)eeimens which are determinable with a fair degree of 
jn’obability, there are some 40 others which, although too frag- 
mentary for positive identification, i:)robal>ly are most of them, if 
not all, examples of A. frotolepiH. The following* desei’i^divo 
notes are based on a comjjarison of all these s]>ocimens. There are 
very few that are well ]>reserved in more than one ])art, and it 
is not easy to correlate with certainty the different and the 

two sexes. 

Size. — The wing-length varies from 3*2 to 4 inm., female wings 
being on the average slightly longer. The average full length 
of the body is about 5 mm. The abdomen alone varies in length 
from 2*5 to 3*o mni., most s 2 >ecimens (wlietlier male or female), 
measuring alioid, 3 mm. 

Male head. — A number of specimon.s shows the 
antennte, tlie two long terminal segments having only a basal 
hair-Avhorl, as in recent mosquitoes. The 2 ^i'oboscis is slender, 
scarcely, if at all, sw'ollen at the ti2), about 3 mm. long (thus equalling 
the abdomen); the la]>ella are of normal size. The 2>Ji.ll^i tiro very 
slightly longer than the ])rohoseis, exceeding the latter in length by 
less than half the length of the terminal segment. The long segment 
is about two and a half times as long as the two terminal segments 
together, and distinctly swollen on its apical fifth. The last two- 
segments arc bent gently downwards, as in Oclileroiatns, The 
2 >onultimate segment is equal in diameter to the ti2> of the long 
segment, but tai^ens somewhat aj^ically. The terminal segment 
is equal in length to the |>enultimate, and distinctly more slender, 
its ti]) being more or less ]>ointed. In the best siieeimen (one 
of two males lying close togetlier on a small block, T. 9(520) 
the last two segments of one 2 >al 2 >u.s are leather conspicuously 
hairy; in other less ])erfeetly preserved exain 2 des these seg- 
ments appear to he either bare (1. 10074), or carry a few a 2 :>ical 
hairs on the terminal segment only (1. 898(5). In one of these 
(1. 10074) the palpi appear to be considerably longer than the 
2 >roboseis, but tins is almost certainly due to the fact that the* 
aincal 2 '>oi'tion of the 2 ^i*oboscis is broken oif. 
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Female liead. — Two specimens (I. 17164 & 1.0993) sIioav 
tlie palpi and proboscis well. The proboscis is about 2*7 niiii. in 
length, and distinctly shorter than the abdomen (which in 1. 17164 
is 3*2 inm. long). The palpi are one-fi£tli as long as the proboscis, 
and apparently two-segmented, the second being 1*7 times as long 
as the ifirst. A third specimen (H, 468) is considerably shox’tcr 
(proboscis, 2 mm. ; abdomen, 2*2 mm), and the second segment of 
the palpi seems relatively somewhat shorter; this ma}’^ possibly 
represent another species. Another specimen (1.20561) shows a 
portion of an antenna, and in this the second segment of the 
palpi is also shorter, 1*5 times the length of the first. 


Fig. 1. — Aedes protolepis (^OochereU), 




[All X 37, except/, wHch. is x 22,] 

rt, hypopygium, I. 17069, stowing- several short bristles at the tip of tlio 
clasper ; 7, seventh sternite with- terminal row of bristles. approximate 
shape of clasper in. end view (in all the specimens examined the chiHpor was 
«een edgewise, or in section only), c, hypopyginm, 1 . 9404< ; small speoiiuon. 
•d, hypopygium, I. 8986 ; claspers apparently more slender apically tlian in 
>a and c, but this is probably owing to the position of preservation ; 7, 8, Hoventh 
and eighth abdominal segments, e, hypopygium, 1 . 10074, Hhowing traces of 
internal organs, perhaps tenth stemites ; 9 perhaps ninth torgito, /, mouth- 
parts and antennae, I. 9629, showing hairs, etc. (see also photograph) ; the 
hypopygium of this specimen is like that of 1. 10074. p, tip of proboscis 
a«nd palpus, I. 8986. tip of palpus, 1. 10074; the tip of the proboscis is 
broken off. 
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Thorax. — This shows no striking peculiarities. In shape it 
appears to resemble closely that of modern Culicine mosquitoes. 

Male abdomen. — Eather short and idump, the eighth segment 
reduced as in recent mosquitoes, short and broad, the hypopygium 
large. The form of the hypoiDygiuin looks rather different in the 
various specimens ; but this probably is merely due to the manner- 
of preservation, and to different portions being shown in different, 
examples. There are a dozen or moi*e specimens which show the* 
organ fairly well. The side-pieces are very stout, less than twice 
as long as their breadth at the base, and apparently provided with 
large basal lobes ; the apex also is quite broad (not at all pointed},, 

Fig. 2. — Aedes j>rotolepis (^GocTcerelT). 



rt, tip of abdomen of $ , H. 468, X 30 : side view, 7 1, seventh tergite ; 7 a 
& 8 s, seventh and eighth sternites. A part of on© of the cerci (apparently) 
is detached, b, tip of abdomen of I. 17148, X 50: showing the seventh 
and eighth segments and pointed cerci in dorsal view, c, loose wing, I. 9764, 
X 14 •• wing-scales remarkably well preserved. 

although it does not seem that a definite apical lohe is present. The- 
claspers are well developed, articulated at the outer apical corner 
of the side-piece, and curved inwai-ds somewhat. They evidently 
were very strongly chitinized structures. In dorsal view they 
generally api^ear to he of almost even breadth, if anything slightly 
Wpering towards the tip ; hut in a number of specimens a careful 
examination clearly shows that they are broadly expanded apically 
in a vertical plane. Probably this is the case in all, hut it is not- 
alwa3^s api>arent ; and it is possible, therefore, that there may he- 
two species in the series. The tip of the clasper in some speci- 
mens (I. 17009, I. 9404) shows a row of several short bristles. 
The anal and genital parts are not sufixeiently well x^reserved to 
permit of their structure being made out. 

Female abdomen, — Somewhat x>ointed, but not oonsxficuously 
so, especially when tlie eighth segment is retracted (as is the 
ease in several sx>ecimens : I. 20561, 1. 8996, 1. 17148, etc.). When 
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the abdomen is fully extended (I. 17147, H. 468), the eighth 
segment (especially the sternite) is seen to be quite large. vSeveral 
specimens (1. 17147, 1. 17148, 1. 20561) show well-marked pointed 
*cerci. 

Legs. — Very few examples show any remnant of the legs, and 
the few that do (1. 10068, 1. 9685, I. 9454) have not the claws or 
terminal tarsal segments preserved. These do, however, show traces 
-of scales on the legs. In one (I. 9454), which has the hind legs 
preserved, it is unfortunately not possible to determine the length 
■ of the first tarsal segment. Another fragmentary specimen 
(1. 10068), probably of this species, shows the tibia and first tarsal 
segment of one hind (?) leg, the latter being a little shorter than 
the former. The front femur and tibia are fairly long, equal in 
length. 

Wings. — These show no divergence from recent species. As 
mentioned above, the wings in some specimens are rather nar- 
rower, and their fork-cells relatively shorter than in others. These 
are probably males. A few (I. 9072, etc.) show traces of the 
vein-scales, much as figured by Cockerell, and many have the 
fringe-scales distinct. Two specimens (1.9753 and 1.9754, each 
represented by one "wing only) have the vein-scales exceptionally 
well preserved ; they are seemingly rather longer and naiTOwer 
than in some examples which have only a few remaining, hut are 
most likely the same species, the diference probably being only 
•apparent. The upper fork-cell has its base slightly distal to that 
of the lower, and is a very little longer than its stem. The 
•mediastinal vein (So) ends in the costa immediately above the 
base of the third longitudinal vein (JK 4 + 5 ) or very little beyond it. 
’The cross-veins are separated by rather more than the length of 
the posterior (I. 9221, I. 9140), or by almost double the length of 
the posterior (I. 9754). 

From the foregoing description it will be clear that the species 
is not a true Culecc, hut belongs to the genus Aedes in the broad 
sense. The form of the male palpi, the pointed female eerci, the 
retractile tip of the female abdomen, and the wing- venation, all 
point to this conclusion. It is very desirable, however, that wo 
-should he able to go farther than this, and ascertain (if possible) 
the position of the species within the genus Aedes. Kecent work 
has shown that, while the male palpi may be valuable in this 
respect, the most reliable indications of relationship are to be 
found in the genital structures of both sexes. According to Dyar ^ 
two main groups of the genus Aedes are indicated by the structure 
of the male hypopygiuin: ( 1 ) The first group is characterized by 
the presence of claspettes (harpagones) ; in this group the claspers 
■are of minor functional and taxonomic importance, and arc almo.st 
.always slender, lightly chitinized, with ^ a single terminal spine. 
In this group the subgenus Oclileroiatus includes the great 
Aiajority of the Holarctic forms, and extends through South 

^ * iQfieoutor Inscitiss Meustruus * vol. vi (1018) pp. 71-86. 
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America into Australia ; the subgenus Finlay co is cosmopolitan, 
with its centre in the Indo-Malayan region. (2) In the second 
group there are no claspettes, and the elas]jers are generally better 
develoj^ed, more highly chitinized, of greater functional im2Doi*t- 
ance and specific diversity. This group is characteristic of the 
tropics of the Old World (Oinental and Ethiopian regions) ; several 
subgenera occur which are interrelated in a complex manner. 

The strongly develoj)ed claspers and the apparent absence of 
dasiDettes of the male A, pyotolepis show that this species almost 
certainly belongs to the second group, although it cannot be 
referred exactly to any modern subgenus. The stumpy abdomen 
and short hypopygium of the male are suggestive of Aedes in the 
restricted sense, although the male palpi are those of Aediniorplim 
{JEjCculex\ The large eighth segment of the female, together 
with the well-develoi^ed cerci, are suggestive of either Aedes or 
Armigeres. 

There is only one representative of the second group of Aedes 
.at present occurring in Britain (A, vexans Meigen). It is 
probable, therefore, that A. lyrofolepis should be regarded as 
evidence of the existence of an Oriental or Ethiopian type of 
•Culicid fauna in these islands in early Tertiary times. This, of 
•course, is entirely in accord with the general evidence aftbrded 
by fossils of other groups. Unfortunately, the fossils provide no 
evidence as to the time or place of origin of the present PalaBarctic 
fauna, which may or may not have existed here in the Oligocene 
Period. 

Aedes (?) sp. 

One male specimen (1.10261) apimrently represents a species 
•distinct from A. jgrotolepis, since the palj^i are (unless broken) a 
little shorter than the proboscis, and distinctly more hairy than in 
any undoubted A, protolepis, They resemble the palpi of 1. 10272 
(regarded as Culex protorhmus), but the specimen is much 
smaller than any of those described under this name. The tip of 
the abdomen is missing. The specimen is of interest, because it 
shows very distinctly the hair-scars on the abdominal tergites, 
and also minute densely crowded punetees on the sternites which 
may represent the points of attachment of the scales. Apart 
from this example, I have seen no clear evidence of the existence 
of abdominal scales, although I have mounted scraps of the actual 
abdominal integument and examined them under a high power. 
It is, however, certain from the appearances on some of the fossils 
that the j^alpi and legs bore scales, and it may therefore be 
regarded as probable that these were earned by the abdomen also. 
Most of the Lepidopterous wings in the collection are perfectly 
^denuded, and show no trace of scaling. 
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CiTLEX PEOTOETIINUS Coclcerell. (PL YII, fi^s. 1, 5, 7 text- 
fig. 3.) 

Culece protor%inu3 Cookerell, "Proc. U.S. Nat. Mus. vol. xlix (1916) 
p. 488 <& pi. Ixii, fig. 2. 

According to Prof. Cockerell’s description, wliicli is su])ported 
by Dr. R. S. Bassler’s photogi-aph, tlie type of O. 'protorhinus is 
distinctly larger than that of Jl. proiole^iB. It is a male of 
which only the head and thorax, portions of the ]n’oboscis and one 
antenna, and the first few segments of the unbanded abdomen are 
visible. It is, therefore, quite impossible to compare it satis- 
factorily with any other specimen, except in regard to its size, 
unless the palpi or the tip of the abdomen can be dug out. Prc^m 
the nature of the specimen, as shown by the photograph, this 
could probably not be done. 

Pig. 3, — Culex protorhinus Gocherell (/), 



a, tip of abdomen oi S ,1. 17138, X 37 : 7 & 8, seventh and eighth segments. 
The claspers are incomplete at the base and tip. 6, loose wing, H. 463, x 10 ; 
no scales preserved. ^ c, d, head and tip of abdomen of c? , I. 10272 : c. x 22^ 
d X 37. e, tip of wing of $ , I. 9408, X 22 : a few fringe-scales are visible. 
/, palpi and base of proboscis and antezma of $ , H. 540, x 22 ; the palpi 
show some indication of a minute terminal segment. 

There are eight specimens in the British Museum Collection,, 
and six others in the Hooley Collection, which seem distinctly 
larger than any A, p7'otolej>i$, and differ from it in various other 
respects. Although it is improbable that these all belong to the 
same species, they may be referred provisionally to” Ouh^ 
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l^'otorliinus. It is certain that few, if any, of them can belong 
to the genus Qideco in the modern sense ; some seem rather to 
indicate a connexion with Aedes, others perhaps with Theobaldia^ 
or even with 2Iegarliinus ; but it will probably be best to refrain 
from attempting to place them generically. The best-preserved of 
the specimens are described separately below. 

I. 10272. — A male in good preservation, but without legs or 
wings. Length of abdomen = 4*2 mm. ; proboscis == 3*7 mm. ; 
palpi = 3*3 mm. Although the palpi appear to be distinctly 
shorter than the proboscis, it is just possible that the tip is 
missing in both ; the joints are not clearly marked. The tip of 
the long segment is slightly swollen, the terminal segment or 
segments slightly bent down, slightly swollen, and conspicuously 
hairy. Portions of the antennae are plainly visible. The abdomen 
is seen in dorsal view, and is more conspicuously banded than is 
the case in most examples of A. protolepiSf owing doubtless to 
the bases of the segments being less strongly chitinized than the 
apices and therefore appearing paler. There is no definite trace 
of scaling, or even of hair-bases. The eighth segment is damaged, 
but evidently very large. The side-pieces of the hypopygium are 
long and pointed, almost three times as long as their breadth at 
the base, apparently provided with small distinct basal lobes, and 
each showing a dark spot before the tip which is somewhat 
suggestive of the subapical prominence of Tlieobaldia, At the tip 
of one side-piece the base of the clasi>er is visible. Unfortunately, 
the specimen is chipped just at this point. 

1. 17138. — A male abdomen only, 4*8 mm, long and even more 
conspicuously banded than that of I. 10272. The eighth segment 
is very broad, much broader than the hypopygium, and distinctly 
broader than the seventh segment (thus recalling JAIegarhinus), 
The side-pieces are long, pointed, somewhat swollen in the middle, 
and on the inside before the tip have each a hair apparently 
arising from a slight prominence. Portions of the claspers are 
present. 

I. 9771. — A male abdomen, 4 mm. long, with part of the thorax 
and a fragment of one wing. The abdomen is unbanded; the 
side-pieces are long and pointed, shaped much as in 1. 10272, 
Claspers not visible. 

I. 8921. — A body of a male, lying full length in ventral view, 
8 mm. in total length (abdomen, 6*5 mm.). Traces of the plumose 
antennae and of the base of the proboscis fix the specimen definitely 
as a male Oulicid. The thorax is partly flattened; in fi'ont are 
a pair of flat areas which may be the prothoracio lobes : if so, they 
are large, and meet in the middle line. The abdomen is con- 
spicuously banded. The eighth segment is narrower than the 
seventh, and not much broader than the hypopygium. The side- 
pieces are shaped much as in 1. 17138, but the slight subapical 
prominences are a little farther removed from the tip. 

Q. J. a. S- No. 314. M 
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I. 9052. — A female abdomen, 4 mm. long, with portions of the 
thorax and wings. The abdomen is distinctly banded, the eighth 
segment large (both tergite and sternite?), and the cerci ai:>j)ear to 
be short and rounded (but are perhaps damaged). 

1.17146. — A female; body damaged (abdomen, 4 mm.); one 
wing well preserved (4*5 mm. long), showing the fringe-scales of 
the posterior border particularly well. Venation as in J. 9408, 

1. 9408. — A female showing one wing fairly well preserved, 
also the palpi. The fork -cells are rather long, their bases almost 
level, the upper one fully twice as long as its stem. Sc ending 
above the base of JS 4 + 5 . Cross- veins separated by nearly twice 
the length of the posterior. Second segment of paljn a little less 
than twice as long as the first. The abdomen, as in a few speci- 
mens of A. py'otolepis, shows a bronzy lustre, probably due to 
chemical change. There is a faint suggestion of abdominal 
scaling. Perhaps this and I. 17146 may be females of A, pro- 
folepis, but they seem to be distinct from I. 17164 and I. 9993, 
which have been regarded as females of that species. 

I. 9206. — Two damaged specimens on one block, with a venation 
(as far as traceable) like that of the above two specimens. One 
shows a few wing-scales fairly clearly. 

H. 540. — A female, the wings and tip of the abdomen pooidy 
preserved. The basal half of one antenna is present, also the 
palpi and the base of the proboscis. The palpi are rather long, 
the second segment pi'actically twice as long as the first, and 
showing traces of a small nipple-like segment at its tij^- On tlic 
same block is a pupa, probably of a species of Simuli'iim. H. 419 
shows similar female palpi. 

I. 9893. — The body of a female. Total length = aboiit 6-5 min. ; 
abdomen, 4*5 mm. The specimen is flattened sideway.s, the 
abdomen fully extended, tapering somewhat. Eighth segment 
large. Cerci not visible (damaged in digging out). Palpi with 
the second segment not quite so elongate as in il. 540 and H. 419, 
also somewhat stouter. 

H. 463. — A. beautifully-preserved loose wing (4*3 mm. long) 
which does not, however, show any trace of scaling. T'he fork- 
cells are both long, the upper with its base slightly distiil to that 
■of the lower, and almost exactly twice as long as its stein ; its 
branches are parallel. Sc ends above the base of Cross- 

veins separated by scarcely the length of the posterior. 

H. 1014 . — A loose wing, not very well jn-eserved, 5*2 mm. long. 
Pork-cells both long; the upper has its base slightly Imt dis- 
tinctly proximal to that of the lower, its brandies paraild. A 
crack in the specimen obscures the position of the cross-veins. 
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CuuEX TECTENSis, sj). nov. (Text-fig. 4.) 

One specimen (a female, I. 9324) is clearly distinct by venation 
from 'protolepis and is too small for C. protorhimis ; though 
imperfect, it shows sufficient characters to warrant description. 

The palpi are well i^reserved, the second segment being about 
1*6 times as long as the first, and slightly stouter ; there is no 
trace of a small terminal segment. Only the base of the proboscis 
is visible. Several antennal segments are present, and show the 
normal structure. The abdomen has the tip missing. Only a 
portion of one wing is present, but this shows the most important 
points. Sc is long, ending considerably beyond the base of 

Fig. 4. — A.pical part of wing (a) of Culex vectensis, sp, nov, ; 
and (b) o/' Taeniorhynchus cockerelli, sp. nov. X 22. 




and immediately above the base of The ui:)per fork-cell is 

very long, almost three times as long as its stem ; the lower fork- 
cell is missing. The upper fork-cell shows a number of long, 
linear scales. The length of the portion of Aving preserved is 
I’G mm. ; the whole wing would be about 3 mm. long. 

The length of Be and of the upper fork-cell points to the strong 
probability that xhis is a species of Qxilex in the modern sense. In 
living Ae'des, Sc seldom extends beyond the apex of JRs, and the 
upper fork-cell is nearly ahvays shorter. 


Tjenjorhynchus (?) COCKEREUI/I, sp. nov. (Text-fig. 4.) 

There are two blocks (1. 10106 and 1. 17190) of a female of 
another distinct species *, one block is the counterpart of the other, 
but through uneqvuil damage the left wing is better preserved on 
one block and the right wing on the other. The state of pre- 
servation is rather. poor, but the following points can be made 
out: — 

Length of.body = 4*8 mm.; length of proboscis =2*2 mm. ; 

M 2 



152 MR. E. W. EDWABRS OIST OXIGOCElSrE [vol. Ixxix^ 

palpi = 0*5 mm. ; wing, from base of fork of Gu to wing-tip^ 
1*8 mm. The joints of the palpi are obscure, and the relative- 
lengths of the segments cannot be made out satisfactorily. In 
the wings the positions of the cross-veins and of the tij) of are- 
difficult to make out; Be appears to end almost immediately 
above the base of i?;?, and the cross-veins are perliaps separated by 
about twice the length of the posterior (in one wing they cannot 
be made out at all). The fork-cells are long, their leases almost 
level, the upper one apparently about 2-5 times as long as its stalk. 
On many of the veins scattered scales remain, and these are nearly 
all rather broad, very distinctly broader than those of any other 
specimen examined. Some of those on the fork- cells, hoAvever,. 
are narrower than the others. Ko definite characters can be seen 
in the thorax or abdomen. 

This specimen is provisionally referred to the genus Tcpnio- 
rliynclms on account of the broad wing-scales, but it should be- 
remembered that among recent species those belonging to various 
genera (for instance, Aedes or Ctdecc) may develop broad scales on 
the wings. The true location of this fossil species is, therefore, not 
satisfactorily determined. It would probably be too much to hope 
that the minute adult charaetei's (other than those of the wdng- 
soales) on which the definition of the genus Tasniorliynchue is- 
based should be preserved in any fossil. The specimen under 
notice, however, is interesting as showing that Tmniorliynclius 
may have existed side by side with Guleoc and Aedes (and perhaps, 
other Culicine genera) so far back as the Oligoeene Period. 

Culicid Pupa. 

On one slab of rock (I. 20561), besides several specimens of 
Aedes protolepis a.nd a number of other insects, there is a specimen 
of a mosquito pupa — ^possibly, from its rather large size, 0?de^ 
^Totorhinits, The thoracic respiratoiy organs are not pi-eservcd, 
nor can the form of the paddles be made out. 

. No trace of a larva was met with in the Isle of Wight material.. 
Several specimens were labelled ‘ gnat larva ’ by the collectors ; 
hut these all proved on examination to be abdomens of mosquitoes, 
or other insects. 


Mioce2te Species. 

No Culieidae have been recorded, but the British Musount 
possesses a male Ghaohorus (^GoT'etJio'a) in Burmese axtiber. In 
size and appearance it differs little from the small s])ocies at 
liresent existing in India. The tips of the abdomen, wings, and 
legs are missing, and the specimen is therefore hardly fit to 
describe. 

JPalmolycus problematicus Etheridge Olli:^.^ Fox & I>ur- 
tridge’s Claim, Ked Hill, near Emmaville, New England (New 

1 Mem. Geol. Sm:v. N.S.W. vol. vii (1890) p. 11 & pi. i, 10 -14, 
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South Wales). Uj^per Tertiary. Though this form was described 
as a Coleopterous larva, it has been suggested by A, Handlirseh^ 
that it is more probably Dipterous, and perhaps a Culicid. I do 
not consider that this view has much justihcation, although the 
figures seem to suggest a slight 2 :)ossibility that it may be a Tipulid 
larva of the tribe Pediciini. 


Quaternary Species. 

The following mosquitoes have been recorded from coj)al : — 

Qulex ciliaris (Linn.) Bloch.^ Locality not stated. 

Oideos Jlamos Gristl.^ Brazil. ‘ C. totus flavus, thorace lineis 
duabiis lateralibus, antennis pedibusque atris ; alis immaculatis. 
Minor O. pipiente Fabr. cui proximo affinis.’ 

Qulex loewii Griebel.^ Locality not stated. Described as from 
:amber, but Klebs® says that it was actually in gum-copal. The 
■specimen is described as black, with a silvery A in front of the 
niesonotum, the second segment of the tarsi yellowish. Neither 
this nor 0. flctvtis Gistl can be positively identified with recent 
■species from the short descriptions given. 

In conclusion, it may be remarked that the most interesting 
result of the study of the fossil Culicidae so far discovered is the 
knowledge gained that probably all the main divisions of the 
family existed in mid-Tertiary times much as the}’- do to-day, and 
with almost identical characters. Not only ai-e the subfamilies 
Dixina-^, Chaoborime, and Culicinie represented and defined as 
:sharx)ly as they are now, but there was then also a clear division of 
the Chaoboriiife into Ghaohorus and Mochlonyoo, and the main 
ilines of evolution of the Culicinse were also well indicated. 
Although no fossil Anopheles has yet been found, there can be no 
doubt from its morphology that -this is also an old genus, most 
probably older than any Culicine form ; its non -occurrence in the 
fossil state can be accounted for by supposing that it has always 
been, as it is now, less abundant than the Culicinse. The origin 
and phylogenetic history of the Oulicidse must go back well into 
the Mesozoic Era ; and, from the small size and fragile nature of 
the insects, it is probably too much to liope that we can ever 
.-obtain much direct palaeontological evidence on these matters. 

^ ‘ Die Possilen Insekten ’ 1906-1908, p. 972. 

® Besohaft. Gesellsoh. Na-burforsch, Preunde Berlin, vol. ii (1776) p. 164. 

^ ‘ Isis ’ 1831, p. 247. 

^ Zoitsohr. Gesellsch. Natnrw. vol. xx (1862) p. 317. 

^ Schrift. Phys.-CEkon. Gesellach. Konigsber^, vol, li (1910) p. 220. 
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EXPLANATION OE PLATE VII. 

[Pigs. 1-4 by H. G. Herring; 5-7 by Dr. E. S. Bassler.] 

Pig. 1. Ciilex pi'otoj’hijius Cockerell? 1.10272. A male showing mouth- 
parts, banded abdomen, and hypopygium. See also text-fig. 3, c & f7. 
The proboscis and palpi were further exposed after the i)iiotograpli 
was taken. X 4. (See p. 148.) 

2. Aedes protolejns (GookerelL). I. 9754. Well-preserved wing (pro- 

bably female) showing vein-scales. See also toxt-fig. 2 c (i>. 145). 
X 4. (See p. 142.) 

3. Aedes proiolepis (Cockerell). I. 171G4. Female showing probosci.s, 

palpi, and pointed abdomen. X 10. 

4. Aedes pi'otolejns (Cockerell). 1. 9629. Male showing mouth-imrts 

and antennm. The photograph does not bring out the hairs on the 
palpi, which are well preserved in the specimen and ai’e shown in 
text-fig. 1 / (p. 144). X 10. 

5. Gulese protorhinus Cockerell. Type. X 0. 

6. Culess petrifactellns Cockerell. Type. X 6. 

7. Q'ulex protolepis Cockerell. Type. X 0. 

Discus ST OX. 

Dr. F. A. Bather said that the Geological Department of the 
British Museum considered itself most fortunate in having its 
specimens of fossil mosquitoes studied hy such an expert as the 
Author. It had been very difficult to persuade entomologists to 
deal with the obscure and imperfect remains that too often repre- 
sented fossil insects ; hut a beginning had been made, and to tht^ 
Author and others they were very grateful. In attempting to 
account for the rich and varied insect-fauna of the Gurnet-Bay 
Oligocene, someone had imagined poisonous gases rising from stih- 
marine fumaroles and stupefying the insects that flew over the 
lagoon. What did the Author think of that ? 

Mr. A. H. WiDDiAMS remarked that he understood that the 
vast numbers of mosquitoes in the far Morth dei>eiided upon 
vegetation, whereas the Author appeared to ini2>ly that mosquitoe.s. 
generally were dependent on animal life. 

Dr. W. D. Laxg- joined with the former sj^eakers in con- 
gratulating the Author on his illuminating paper. He wished 
to draw attention to what he thought was a significant fact 
brought out in the j^aper, namely, that each of the three Culicine 
genem found in the Oligocene i*epresented one of three gi*oxip.s 
of Culicine mosquitoes occurring at the present day. The.su* 
groups had been determined in recent species, as now in ftjssil' 
forms, hy imaginal characters. But the sj^eaker had elsewhere- 
shown that the recent British Culicines fell into the same three 
categories on larval characters also, even on those of the first 
in star; and that therefore the three groups di vei'ged earl^’^ in 
Culicine phylogeny — a suggestion now corroborated hy" the 
appearance of all tlmee as far back as the Oligocene. 

Dr. Marie Stores said that this interesting account of fossil 
mosquitoes reminded her of some Jaj^anese fossil mosquitoes 
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which she herself had found in a very fine-grained deposit con- 
taining exquisitely-preserved plant-remains. The mode of pre- 
servation and general conditions of the strata seemed to indicate 
that there were times when these fossil insects did not come 
by their deaths in the way implied by Dr. Bather, but that 
probably in such freshwater deposits they accumulated more or 
less naturally as a result of sudden puffs of wind throwing the 
mosquitoes on to the water, their wings becoming entangled in 
the water-surface, and after drowning they ultimately sank as 
would any other waterlogged debris. The fossil insects in her 
jDossession were not in the condition of ' bran -mash ’ fragments 
as those so generally described, but were remarkably perfect, 
with sti’etched wings attached to the bodies, and legs hanging 
as though they were floating through the air. 

The Authoe, in reply, said that he did not think that fossil 
mosquitoes could be iised satisfactorily as indices of climate, the 
differences between Arctic and tropical species being too slight. 
The Isle-of- Wight insects were perhaps drowned in a small lake 
and blown to the edge (as frequently happens now), and pro- 
bably wei'e quickly covered. It was doubtless true that the adults 
of many mosquitoes fed on vegetable substances, and could exist 
without blood ; but mosquitoes with bloodsucking habits might 
have existed before mammals were developed, since at the present 
day birds, reptiles, and even amphibians were attacked by some 
species of mosquitoes. 



Fig. 1 . — Diagrammatic geological map of the Great Serpenttme Belt of New South Wales, 
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Kuttung Series — some 10,000 feet of acid 
felsitie tuffs, fluvioglacial conglomerates, 
tillites with rarely striated pebbles, and 
seasonally banded contorted * varve’ rocks, 
andesitic and rhyolitic hows, and intrusive 
rocks represented by felsitie and other sills. 
This series was originally termed by 
one of us (W. N. B . ) the ‘ llocky Creek 
Series ’, but has since been more appro- 
priately named the Kuttung Series by 
Prof. Sir T. Edgeworth David <fc Mr, 
C. A. Siissmilch,! after their important 
investigation of the southern continua- 
tion of these rocks in the Newcastle dis- 
trict, 100 miles beyond the region here 
considered. In the Newcastle district the 
Kuttung Series represents, in all pro- 
bability, the Middle Carboniferous, and is 
followed, by the so-called ® Permo-Carbon- 
iferous System,’ — the Lower and Upper 
Marine Formations, and the Coal Measures. 
The relationshij) of the Permo-Carbon- 
iferous to the Carboniferous proper has 
been discussed by Sir Edgeworth David 
in the paper already cited, who concluded 
that the former was chiefly of Pennian 
age, although the basal part was i^robably 
coeval with the Uj)per Carboniferous 
(Uralian) rock elsewhere and generally 
rests unconformably ujDon the Middle 
Carboniferous beds. 

In the region here considered, these 
marine Permo-Carboniferous rocks are not 
present, although there is a small develop- 
ment of the Coal Measures lying uncoil - 
formably upon the Kuttung Conglo- 
merate. There are in this area minor 
develoimients of Jurassic sandstone and 
of Tertiary gravels and volcanic rocks, but 
discussion of these hardly lies within the 
scope of this paper. 

The Devonian and Carboniferous rocks 
have been greatly folded. The former 
(see fig. 2) occur in a series of tightly 
packed and broken folds lying west 
of the great composite granite-batho- 
lith of JNew England, which has invaded 
them. The highly folded rocks are sepa- 
rated from the less folded strata farther 

^ Joura. & Proo. Boy. Soc. N.S.W. vol. liii 
a^l9) PP. 246-3a8. 
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west by an almost meridional and remarkably continuous fault. 
This fault formed the channel along which has flowed the ]>ei’idotite, 
now converted into serpentine. Adjacent to the serpentine slieet 
the folds of the Devonian are closely packed, although they show 
little overfolding, but farther west they pass into gentler flexui*es- 
Long, narrow, doubtless synclinal strij^s of Carboniferous rocks 
have been nipped into the folded Devonian beds near the serpen- 
tine, and in one of these strips the fossils from Hairs Creek (sec 
figs. 1 & 2, pp. 158, 159) were found. The chief dcvelo]>nient of 
the fossiliforous Lower Carboniferous rocks, however, forms a 
broad synclinal zone running parallel to the serpentine-belt, and 
20 miles west of it, and in the axis of this syncline rises a ridge of 
the Kuttung rocks. The locality. Slaughterhouse Creek, is on 
the eastern flank of the synclinc, and near the northern margin of 
our area (see fig. 1, p. 15S). The type-locality' Burindl is also 
on the eastern flank, 60 miles south of Slaughterhouse Creek, and 
Moorowarra and Ilabhinhoon lie 40 miles still farther south, 
Moorowarra being on the eastern flank of the syneline and 
Babbxnboon on the western. 

It is not possible as yet to divide the marine Carboniferous 
sediments into faunal or lithological zones, nor do the conditions 
seem such as would promise much success if an attempt were made. 
While we may, therefore, consider that the last four localities 
mentioned are situated approximately on the same formation, the 
thickness of which may be measured in thousands of feet, it is only 
by inference that we may gi*oup with them the fossiliferous beds 
at Hall’s Creek. The description of the Burindi fauna has been 
the work chiefly of Prof. L. Gr. De Koninck, Bobert Etheridge, 
Junr., Ml*. W. S. Dun, and Mr. J. Mitchell, and ourselves, and 
our knowledge conceniing it has recently been summarized by one 
of us.i- It consists of about 300 species, principally corals, biyozoa, 
brachiopods, molluscs, and trilobites, other groups being s]mrsely 
represented. It forms quite a representative development of the 
•Culm fauna, and the aftinities of the majority of the species are 
with Eurasiatic types, showing very little in common with the 
Carboniferous faunas of America. It contains a small proportion 
of forms which seem to be modifications of the Upper Devonian 
littoral fauna that is developed in the central, southern, and western 
parts of New South Wales ; but no characteristic Tournaisian 
forms have been found. The whole fauna, indeed, seems to be of 
Visual! age, and the Burindi Series should, therefore, be referred 
"bo the higher part of the Lower Carboniferous. There 
are no forms that characterize the Upper Carboniferous, such as 
JB'usiillnaf found in Eastern Asia; and there is very little aflinity 
with the succeeding ‘ Permo-Carboniferous ’ marine fauna, tlie 
origin of which and its relationship to the Burindi fauna has been 
discussed by Sir T. W. Edgeworth David {op, jam cit,'). 

Summarizing the foregoing remarks, we may re-state the geneml 


W, Benson, ‘A Census & Index of the Lower Carhoniferous Burindi 



part 2] BUaOSE CORAXiS from the btibiitbi series. 161 


succession of the formations and their correlation with the Upper- 
Palseozoic rocks of Euroj^e in the following synopsis : — 


‘ Permo-Oarboniferous System.’ 
(Hunter River Series.) 

U no onformity. 
Kuttung* Series. Oonglomerates, 
etc. 

0 onformity. 


Permian and (?) Upper Carboni- 
ferous. 


Middle Carboniferous. 


Burindi Series. Mudstones, eto. Lower Carboniferous = Vise an. 

Apparent conformity, but possible non- sequence. 
Barraba Series. Mudstones and Upper Devonian, but possibly ex- 
tuffs. tending* into Lower Carboniferous.. 

Conformity. 

Tamworth Series. Badiolarian Middle Devonian. 
claystones, tuifs, limestone, etc. 


III. AMYGnALorHYLLUM, Dun <fc Benson, 1920. 

[Proc. Linn. Soc. N.S.W. vol. xlv, pp, 339-41 .j 

Simple coral. The corallum has the usual horn-shaped form-, 
(turbinate to cylindrical) common to most solitary Bugose Corals.. 
The septa are both numerous and long,^ and fine dissepiinental 
tissue builds up a wide extrathecal area.® The distinguishing- 
character of the genus is the remarkably large solid columella. 

G^enotype. Amygdalo'pliyllum etheridyei ; no other species of' 
the genus is yet known. 

AMYaBALOPHYLLUM ETHBRIBGEI Duil & BeilSOll. (PI. YIII,. 
figs. 1-3 ; PI. IX, fig. 2.) 

1920. AmygdalopJiylUmi etheridgei Dun & Benson, Proc. Linn. Soc.. 

N.S.W. vol. xlv, pp. 339-41 & pi. xvixi, figs. 2-6 5 non fig. 1.^ 

1921. Amygdalophyllum etheindgei Dun & Benson, Bee. Geol. Surv.. 

N.S.W. vol. X, p. 34. 

* Bioninchopliyllum ’ Etheridge fil. ; Geol. Surv.. 

Queensl. Bull. 12 (1900) pp. 21-22, pi. i, fig. 2 & pi. ii, figs. 9-10,. 
very closely approaches A, etheridgei, and is in all probability con-, 
generic with that species. The forms agree in the type of the- 
columella, in their numerous septa, and in their wide development 
of fine dissepiments. ‘ Jl.' inopinatum difers from A, etheridgei 
in the major septa not reaching the columella, and in the minor- 
septa attaining only half the length of the major. 

^ The descriptive terms long and short, here used in reference to septa,, 
denote their character as seen in transverse section. 

® The theca is the annular wall formed by the innermost layer of dis- 
sepiments against which the tabulm abutj see Q. J.G. S. vol., Ixxi (1915-16) 
p. 228. This wall divides the corallite into an intrathecal and an extra- 
theoal area. 

3 The coral figured in the original description to illustrate external form 
(pi. xviii, fig. 1) was found when cut to be a apeoimen of Zaphrentis. 
sumplmem Etheridge fil., which it externally resembles. 
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Morphology. 

Habit of growth and external form. — Little need bo 
added to the istatemeiits made in defining the genus. The corals 
were all weathered and otherwise imperfect ; 8 to 10 cm. may liav'e 
been the original length of the largest of them, and the greatest 
diameter measured was about 4 cm. It is not iin]>robal)le that 
larger examples may be found. None of the specimens exhibited 
a calice. 

Internal structure [ephebic stage]. — Septa. Jii sections 
4 cm. in diameter there are aj^proximately (50 septa in each of the 
two cycles. The septa may remain united to the epitheca, or 
•become separated from this enclosing wall and in some cases leave 
quite a Avido area between it and their outer ends ( PI. Vlll, Hg. 1: 
upper part of figure). The major septa penetrate the columella, 
but the minor, which are about two-thirds as long as the major, do 
not reach the axis. The septa are thus iiunieroiis and crowded, 
and display a pseudo -radial symmetry ; the cardinal fo.ssula (al- 
though not conspicuous) can be distinctl}^ recognized (in J^l. VIII, 
figs. 1 <fc Ji, and PI. IX, tig. 2). Alar sex>ta cannot be located in 
section ; but their position is discernible on the sides of the 
•corallum. 

Columella, — ^The large columella is the most distinctive 
feature of the genus. It is elliptical and cuspidate in section ; the 
^ipproximate ratio of the longer axis to the shorter mnges from 
1 : 0’5 to 1 : 0*75 (the former being about 9 mm. in length, and 
the latter 5 to 6*5 mm.). The cusp projects into the cardinal 
fossula. It has a fibrous structure presenting a feather-like 
appearance in longitudinal section (PI. VIII, fig. 2), and a radial 
and concentric one in transverse section (PI. IX, fig. 2). It is 
built up of slightly curved conical layers superimposed one uj)on 
the other. Within this columella are seen in transverse section a 
short medial plate and the inner ends of the major se]>ta. The 
medial plate is veiy distinct in most sections examined ; but it 
varies in length in the diferent sjpecimens : in no case, however, 
does it completely bisect the structure (see PI. VIII, fig. 1 
PI. IX, fig. 2). In the latter figure it is seen to be in continuity 
with the cardinal septum. It may be noted also, though less 
distinctly, in PL VIII, fig. 3. 

The major septa reach the medial plate, although they are not 
easily traced through the columella. They arc there <d>seured by 
the fibrous texture of the columella itself, and are difficult to follow 
on account of their twisted nature ; it is possible, nevertlieh?ss, to 
distinguish them when the section is carefully examined with 
a lens. PI. VIII, fig. 1 illustrates the coluniellar structure above 
described fairly clearly. 

A few minor septa may also, it is possible, be represented by the 
lamelhe within the columella, as in GarrutJte^'Belln and Oionondfni’- 
clron (p. 164), although, as is also the case in these genera, the 
minor septa do not themselves reach the solid axis. 
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Tabulae. — The tabulse are represented by small, strongly 
■arched plates — the tabellje^ (PI. VIII, fig. 2). The area occupied 
by the tabular tissue is a comparatively narrow one, the intrathecal 
region being largely taken up by the columella. 

Dissepiments. — The dissepiments are very small and very 
strongly arched, and in the adult stage build ujd a wide extrathecal 
region constituting as much as three-quarters of the radius of the 
corallum. 

E pi thee a. — This wall is thin, and is therefore readily destroyed 
by erosion or exposure. 


Ontogeny. 

Unfortunately, in none of the collected specimens are the initial 
stages of the corallum preserved. The ‘ proximal end ’ is missing 
in every case. The earliest section examined (which was ap 2 >roxi- 
mately 12*5 mm.) represented quite a late neanic stage: at this 
stage the columella has attained its characteristic form and j^ro- 
portion ; but the dissepimental tissue is undevelojjed, and the sej)ta 
are united to a stout e 2 )itheea. While the major septa (about 30 
in number) reach the columella, the minor are merely rudimentary, 
not being more than 1 mm. in length. The coral at this stage 
somewhat resembles Cyatliacoonia. 

As the corallum develops, the septa become reduced at the 
then ‘ outer ends ’ (where they join the epitheca) to a mere lamella, 
and may finally become entirely se 2 )arated from this outer wall. 


Affinity and Comparisons. 

Amygdaloj^hi/llum etheridgei is very similar to ‘ OgathopJigl- 
lum"' (^JPalcsosmilia') Qnurcliisoni Edwards & Haime in all its 
.structural details, except in the develo];)ment of a columella, and 
there can be little doubt that the former species is a modification 
of the latter. The numerous sleiide]- sejpta,^ the extensive develoj)- 
ment of dissei^imental tissue forming a wide extrathecal region, 
and the tendency towards the separation of the septa and epitheca 
are the same in the two genera. In both eases, moreover, the 
major septa meet at the centre of the corallum, and their inner 
ends are more or less twisted ; but, while in JPalceosmilia mur- 
cJiiaom the inner ends of the sei)ta are free, in AmygdalopTiyllum 
etlieridgei these are embedded in a true columella. Sections of 
JPalceosmilia murcJiisom and Amygdalopliyllum etlieridgei are 
(for comjiarison) shown close to each other in PI. IX, figs. 1 <fc 2. 

It may be mentioned here that the columells© of Kugose Corals 
originate as a dilation of the middle z'egion of the axial septum, 

1 S. Smith, Q. J. G. S. vol. Ixxi (1915-16) p. 225, 

3 In corals in which there are comparatively few septa, the septa and 
epitheca are relatively thick ; in forms having numerous septa, the septa and 
epitheoa are thin. 
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before or after this divides into the cardinal and coiinter-soptad 
[n some eases the columella remains united to both septad in 
others, to either the counter or cardinal septum ; while, in 3 X‘t 
other instances, it becomes separated from both septa.- l"he 
medial ]}hitQ, as in AmygdaJojyliyllaWy represents part of the 
original axial septum. 

The columella in Amygdalopliyllum is very much larger than is 
normally found in llugose Corals ; but three other genera are 
known to us wliich liave columellas of a similar type : namely, 
Oyafhacoonia^ Carruthcrsella, and Gionodendron. 

CyafJiaxonut IMichelin,^ a simple Zaphrentoid coral of which 
several species have been described, gives its name to the highest 
of the Avonian zones established by Arthur Vaughan in the 
British Isles. It is widely spread in Britain, and i.s also found in 
the Tournaisian of Belgium. The genus was discussed hy Miv 
K. G. CaiTuthers in 1910.'^ According to his figures, tlie columella 
has the same radial and concenti*ic structures as that of Amygdalo’- 
ydiyllum^ but the septa do not enter it. 

Gurruthersella compacta is also a simple form, and was de- 
scribed by Prof. E. J, Garwood.® It appears to be allied to the 
Olisiophyllid genera. The columella contains a medial plate and 
embedded ends of septa ; it is described by Pi'of. Garwood as 

‘ solid and conspicuously spindle-shaped . . . composed of a narrow plate from 
which radiate . . . ® closely packed lameHee, usually in contact throughout this 
area t the majority of these lamellaa are directly continuous with the 
attenuated ends of the major septa j occasionally, additional lamellm appear 
to be inserted, and occupy positions facing the minor septa, but these do not 
as a rule reach the central plate.* 

These words equally well describe the columella of Amygdala- 
phyllwm and Gionodendron. Oar ruth er sella was obtained from 
the Tournaisian rocks’^ of the North-West of England (Meathop 
Pell, near Arnside, Morecambe Bay). Gionodendron eolumeny 
the species to be desciibed later, is a composite form derived from 
Xiitliosirotion. It is, broadly speaking, from the same region and 
horizon as Amygdalophyllum, although not from exactly the same 
locality, nor necessarily from precisely the same stratigraphical 

^ In previous studies (Q. J. G. S. voi. Ixxi, 1915-16, p. 231, and elsewhere) 
one of us (S. S.) has spoken of the columella as derived from the counter- 
septum } this is not invariably so, and the emendation hero made appears to 
accord more closely with the facts ascertained. 

2 Frequently, however, the union between the columella and the septa or 
septum is only maintained by an exceedingly thin isthmus of tissue. 

^ Congress de Turin, 1840, 

** Geol. Mag. pp. 53-50, & pi. iii, figs. 4-10. 

5 Q. J. G. S. vol. Ixviii (1912) pp. 555-56 & pi. xlviii, figs. 1 a-1 d. 

® The three words omitted after ‘ radiate ’ are ‘ fifteen to twenty * ; but the 
figures show about this number of lamellse on both sides of the medial plate ; 
that is, double the number. 

7 From the summit of the Bemmula-gregaria subzone (upper part of the 
Athyris-glahristria Zone) of Prof. E. J. Garwood, a horizon equivalent to the 
lower part of the Upper SyringothyriB Zone (C.^) of Arthur Vaughan. 
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level. In proportion to its size, Oionodendron lias an even larger 
columella than A.mygdalo'phyllti'nv ; but the entire corallite of the 
former is smaller than the columella of the latter. 

Locality. 

The specimens of Ajmygdalo'pliyllum were obtained at Babbin- 
boon from the mudstones of the Burindi Series. They were 
collected by Mrs. Scott and one of us (W. jN". B.)- Associated 
with them was Zctphrei'ii.is sumpJiiteiis Etheridge fil.,i which very 
closely resembled A.mygdalopliyllum etlieridgei in size and external 
form. 

The type-material is in the collection of the iNTew South Wales 
Greological Survey; but some sections cut from these have been 
placed in the British Museum (Natural History ).2 

IV. QiojsfODE 2 ^DiiOJsr^ gen. nov. 

Composite genus,’ allied to and derived from TiitJio&trotion, In 
habit, form, and in general structure it is identical with the parent 
genus ; but it is distinguished from Lithostrotion by the ex- 
cessively large and well-formed columella, similar to that found in 
A.mygdalophyllum. In Cionodendron^ the columella occupies 
more than one-fourth of the diameter of the corallite. 

Genotype. Cionodendron columen. This species is the only one 
at present known. 

CiOHORENDRON coLiTMEiir, goii. et sp. nov. (PI. VIII, figs. 4 & 5.; 

PI. IX, figs. 4 & 7.) 

1895. JDiphyphyllum, Ann. Rep. Dept. Mines N.S.W. p. 188. 

1921. DijphyphylUim Benson. Beo, Geol. Snrv. N.S.W, vol. x, p. 32. 

Morphology. 

Habit of growth and external form. — The corallum is 
compound and fasciculate ; the coi-allites are cylindrical, straight, 
closely gi'ouped, and frequently touching. Diameter =5 to 6 mm. 

The caliee (if we judge from the sections, as no weathered 
calices are shown in the specimen) is probably deep and thin- 
walled, with a prominent boss rising from the centre. 

Internal structure [ephebic stage]. — Septa. About 
26 septa are present in each cycle. They are united to the epitheca 
throughout, and the major penetrate the columella. The minor 
septa attain approximately half the length of the major, and thus 
extend well beyond the theca. 

The columella is nearly circular in section, and attains a 
diameter of 1*5 mm. (or even a little more) : that is, a fourth to a 

^ Mem. Geol. Surv. X.S.W., Palasontologry, No. 5, pt. 1, p. 16 & pi. xi, 
figfS. 4—6. 

^ R 22072 Sn B 21997. B 22072 was cut from the holotype now in Sydney, 
Q. J. O. S. No. 314. K 
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third of the diameter of the corallite. In its microscopical structure 
the columella is very similar to that of Amygdalophiflluui (p. 102), 
'Within this solid axis there is buried a shoi’t iue<lial plate, and 
the inner ends of the major septa which extend to the plate. 
Very occasionally, additional lamellte arc inserted between the 
embedded ends of the major septa ; these lainellte correspond in 
position to the minor septa, although the two are not connected. 

The general structure of the columella is exhibited fairly well 
by the corallite lettered d in PL VI 11, fig. 5 ; but in nuist corallites 
recrystallization has obscured the structure to some extent. 

Tabulae. — The tabuUe, for the greater part, extend from the 
theca to the columella, hut are bent ixTegularly and at high angles 
both towards the theca and towards the columella (1^1. IX, fig. 7). 
There is no great development of tabelhe like that seen in the 
JLitliostrotion from the same region. 

Ontogeny. 

In the figure of ionodendro7i (PI. VIII, fig. 5) seveml stages 
in the development of the corallite are illustrated : these are 
lettered 5, o, and d, 

a (1 mm. in diameter) represents a very early neanic stage. 
There are only about twelve major septa present, and one 
of these — ^the cax'dinal or the counter-septum — is dilated to 
form a conspicuous columella ; the other septa join the 
columella, as in later stages. The minor sej^ta are very 
short, and the dissepimental tissue is undeveloped. The 
pinnate symmetry is distinct. 

5 (2 mm. m diameter) shows the corallite at a later neanic 
stage. The septa have increased in number, the minor 
septa are well developed, and an extrathecal area is added. 
The columella is not conspicuously large or well formed, 
and at this stage Qionodmdro7i is not markedly difi'er- 
entiated from JLitliostrotioju A pinnate symmetry is still 
discernible. 

e (3 mm. in diameter). The corallite has practically attained 
its ephebic characters, although it has only reached half 
(or little more than half) of its mature dimensions. The 
inner ends of the major sejxta have gradually been enclosed 
by an ex25anding columella. 

d, Ephebic stage. 

Affinity and Comparison, 

Cionodemh'on columen is a species of tlie Lithostrotirmtidso ; 
but, in view of the character of the columella, w^e may fairly assign 
to it generic rank, and so mark it off from the more usual forms 
of Xfithostrotion. Apart from the columella, and in a less degree 
in the character of the tabulae, its form and structures are essenti- 
ally those of LithoBtrotion* As may be expected, it resembles more 
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-closely the Australian species than it does the British. In PL IX 
are reproduced side hy side for comparison longitudinal sections 
of JL. martini from Settle, England (fig* 5), L, stanvellense from. 
Bockhampton, Queensland (fig. 6), and C. columen (fig. 7). 
Figs. 5 & 6 are twice and fig. 7 three times the natural size. 

The intermediate character of the Australian species is readily 
observed. The Australian species of Litliostrotion to which 
O. Golumen most closely approaches in the size of its corallite is 
X. arunclmeum Etheridge fil., which averages 4 to 5 mm. in 
diameter. 

Localit3^ 

The holotype was found in Slaughterhouse Creek, near G-ravesend 
(LsT.S.W.); but an isolated corallite associated with the Dijphy^ 
pkyllum mentioned on p. 168 was obbained from the parish of 
Moorowarra, near Somerton (N.S.W.), The type-specimen was 
originally a small group of corallites about 5 or 6 cm. long and 
perhaps 4 cm. in cross-section. From this specimen a series of 
sections have been cut. The type-material^ is in the collection 
of the Geological Survey of New South Wales ; but some sections ^ 
have also been deposited in the British Museum (Natural History). 

V. Lithostrotion Fleming, 1828. 

'[‘A History of British Animals’ p. 508. Genotype : L. striatum Meming*, 
Zee. cit.=A8irssa basaliiformis Oonybeare & Phillips, 1822, ' Outlines of the 
Geology of Eng-land & Wales ’ p. 359 ; =Madrepora vorticalis Parkinson, 
1808, ‘ Org’anic Eiemaina ’ p. 45 & pi. v, figs. 3, 6 ; —Lithostrotion sive Basalies 
minus striatum et stellatnm Lhwyd, 1699,' ‘ Iiithophylaoii Britannici lohno- 
sgraphia ’ p. 125 & pi. xxiii.] 

Compound coral; the coralluin may be fasciculate or 
massive, and accordingly the corallites are cylindrical or prismatic. 
The numher of septa and the complexity of structure are propor- 
tional to the size attained by the particular ‘ species.’ 

In the more typical forms of Lithostrotion the following 
structui’es are to he found : — the septa are united to the epitheca ; 
the major septa reach the columella, but the minor extend only a 
short distance beyond the theca. The fossulse are inconspicuous. 
The columella is usually well developed. The tabulae are also 
generally well-formed conical plates, often extending from the 
eolumelia to the theca. The dissepiments are small, uniform, and 
111 large ‘ species ’ build up a wide extrathecal area. 

The individual members of the genus exhibit, however, great 
variation, and departure in one respect or another from the more 
characteristic form is frequently found. 

. A variation, common in the fasciculate colonies hut rare in the 
massive, is a shortness (as seen in transverse section) of all the 
septa : the major as well as the minor extending inwards little 
beyond the theca. There is no columella, and consequently the 

1 G. S. Beg. 1464. 

^ R 21999 & R 22000-01, each cut from the holotype. 

.... o 
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tabuliii are flat or saucer-shaped instead of conical. Such forms 
are iisuallj^ described as Di^liyiilnfllum, following Lons<lalc i ; 
nevertheless, both the ^ JLltliosiroiion'' and i\\ii ' JJiphijj)hi/lhim 
types of corallite may be found within the same coral lum. 

The characters of this well-known genus arc here re-dolin(*d, 
merely in order to curtail the description of tlie Australian species, 
and to render a comparison between them and the British edearer 
and more concise. 

Species of Lithostrotion described from the 
Burindi Series. 

Tavo fasciculate and one massive species of ^ JLiflma/rof ion"^ and 
a ^ Dipliypliyllum'' 2 ®=“" have been recorded from the Burindi Scrit^s. 
The fasciculate specimens of Litliosi rot ion have been identilied 
Avith species described by Bobert Btheridgo fil.‘^ from beds in 
Queensland — tlie Star Series, in all probability stnitigraphically 
equivalent to the Burindi Series: namely, X. Eihc- 

ridge til. and i. JEtheridge til. The massive form was 

recorded by one of us (Joc» off.) as X. volifmfKfr/f Etheridge til. ; 
but the material was not aA^ailable for later detailed examination. 

The folio Aving remarks are based u|'>on the examination of 
material from both Kew South Wales and Queensland. 

X. ariuid'uieum is fasciculate. The corallite attains a diameter 
of 5 mm. and the inti’atliecal region of the corallite a diameter of 
4i mm. The septa usually number 18 to 20 in each cycle. Th<i 
species, in these re.spects, agrees very closely Avith X. irreyularf* 
1 Phillips. 

L. sfanvellensa is fasciculate ; the diameter of the corallite = 
9 to 11 mill. ; the diameter of the intrathecal region =7 to 8 mm. 
Number of septa in each cycle, 24 to 30. Species comparable with 
X. Qiiariiui EdAA'urds <& Haime. 

X. coluiuiutre is masshx^ ; diameter of coi^ll it e = about 1/5 min. 
or more; diameter of intrathecal region = 5 imu.^ Number of 
septa in each cycle, about 24. Species com])arable with X. huisalfi- 
forme auett. 

' ‘ Description of some Paloeozoic Corals of Russia ’ : see R. I. Murcliison 
& others, ‘ The Geology of Russia in Europe the Ural Mountains ’ vf*l. i 
(1845) pp. 602 ef s^eqq, 

2 W, N. Benson, ’ A Census & Index of the Lower Carboniferous Burindi 
. Fauna * Reo. Geol. Surv. N.S.W. vol. x (1921) pp. 32 k 33. 

® W. N. Benson & W. S. Bun, ‘ The Geology & Petrology of the < ireat 
fSerpentine-Belt of New South Wales ’ Proc, Linn. Soo, N.S.W. vol. xlv (1920) 
p. 341. 

S. Smith, ‘ On Aphrophylhim lialleme gen. ot »p, nov. k LithosinMon 
from the Neighbourhood of Bingara (N.S.W.) ’ Journ. k Proo. Itoy. Soe. 
N.S.W. vol. liv (1920) pp. 56-63 & pis. iii-v. 

® R. Etheridge 61., ‘ Corals from the Coral Limestone of Lion Creek, 
Stanwell, near Rockhampton ’ Qeol. Surv. Queensl. Bull. 12 (1900) pp. 10 20 
k pi. i, figs. 1, 3, 4, 5, pi. ii. figs. 1-8. 

® The extratheoal region is always wider in ‘ massive * species than in 
fasciculate ; see Q. J. G. S. vol. Ixxii (191 6-1 V) p. 282. 
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The Australian species, as a whole, difter from the British si^ecies 
in the following characters : — 

(1) Columella. This is usually very much stouter than in British 
species (PI. IX, figs. 3 & 6). 

((2) Tabulae. The tabulae in the Australian species are, to a great 
extent, replaced, by strongly-arched tabellae, or are sharply bent as 
in Ciooiodendron (PI. IX, fig. 6). 

(3) Septa. The septa exhibit a marked tendency to become disunited to 
the epitheea in the adult stage. 

^(4) Dissepiments. Dependent upon the disruption between the septa 
and the epitheea, the external dissepiments (not being intersected by 
the septa) frequently form an outer zone entirely built up of coarse 
dissepimental tissue, as in Lonadaleia ^ (PI. IX, fig. 3, oorallite b). 

It is the prevalence and the combination of these characters, 
^ind not the presence of any one of them, that distinguishes the 
Ansti’alian from the British forms, since in the less typical 
examples among the British species such features may occasionally 
be noted. 

The occurrence of a non-colnmellate form among the Australian 
members of the genus, in which the columella is usually so 
2)ronounced a feature, is of considerable interest. 

A sj)eciinen of ‘ Diplt^phi/llum ’ ^ was included in the collection 
examined. It* came from the parish of Moorowarra near Somerton, 
and consisted of a large number of broken and isolated corallites 
embedded in limestone. 

This form calls for no special comment ; it veiy closely ap^R’Oxi- 
mates to ‘ jD.’ latesejptatn^m M^Coy, and suggests a non-columellate 
s]Decimen of X. anmeUneum. Biameter of oorallite = 5*5 mm. 
I^umber of sej^ta, about 18 to 20. Tabuhn fairly widely spaced. 

Among these broken corallites of * Diplipph^lhcm^ one solitary 
•corallite of Cionodendron was observed, and has been jpreviously 
mentioned (j). 167). 

EXPLANATION OF PLATES VIII & IX. 

Plate VIII. 

AMY(iJ)ALO:P2lYLIjVM AND ClO^fODENDHOK, 

Fig. 1. Amygdalophyllum etheridgei Dun & Benson. Burindi Seidea, Babbin- 
boon (N.S.W.). Transverse section, X 2. The character and 
structure of the columella is here well shown ; note that the disaepi- 
mental tissue in the upper part of the figure is not traversed by 
septa. F in figs. 1 & 3 indicates the position of the cardinal fossula. 

2, The same. Longitudinal section, X 2. The fibrous structure of the 
columella, the tabellse, and the wide zone of dissepiments (extrathecal 
region) are clearly illustrated by this figure. (See p. 162.) 


1 S. Smith, Q. J. G. S. vol. Ixxi (1915-16) p. 228. 

» No 4510 or 4515, Coll. Geol. Surv. N.S.W. Sections R 20872 & B 21998, 
British Museum (Natural History). 
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Fig. 3. Amy(jdalo^}ujlluyn etlieridgei. Transverse section, natural size. In 
this specimen, the sei)ta to the right of the figure have been crushed 
and broken against the columella. Similarly, in fig. 2, the tabollsn on 
the right of the columella are in a crushed condition. These injuries 
have undoubtedly been effected after the corals had been incorpo- 
i*ated in the rock. (See p. 162.) 

4, Qionodendron eoUimeii^ gen. et sp. nov. Slaughtei’house Creek, near 

Gravesend (N.S.W-). Ti-ansverse section, natural size. (See p. 105.) 

5. The same. Transverse section, X 3. a = ncanio stage, earliest 

observed ; h = neanic stage, later ; c = neanic stage, still later ; 
d = ephebio stage. Reference to the lettered corallites will bo found 
on p. 16G. The structure of the columella is well shown in corallite d. 
[The longitudinal section of Cionodendron coin men is shown in tlie next 
plate (fig. 7). All the sections of this coral were cut from the holotyj^e.] 

Plate IX. 

A.virji}Ai.oj‘iirjj.rjr, LiTitoamoTioy, And 

ClONODT.XmtOK, 

Pig. 1. C7jatJiophylhiin (PalieosmiliaJ murcMsoni Edwards & Haime. Visoan 
(South-West of England) j a specimen in the British Museum 
(B 17225). Transverse section, X 1‘3. This figure is included for 
the purposes of comparison with Amygdalophylhmi (fig. 2). In tlie 
number and length of septa, and in the wide development of dissepi- 
mental tissue, the two genera are similar. (See p. 163.) 

2. Amygdalophyllum etheridgei Bun & Benson. Burindi Series, Babbin- 

boon (N.S.W.). Transverse section, Xl'3. P in figs. 1 & 2 indicates 
tbe position of the cardinal fossula. (See p. 163.) 

3. Lithosbviion stanvellense Etheridge fil. Burindi Series, neighbourhood 

of Bingara (N.S.W.). Transverse section, X 2. Note the large 
columella, particularly in corallite a, and also the wide zone of 
dissepiments uninterseoted by septa in corallite b recalling the 
extrathecal region of Lonadaleia, (See p. 168.) 

4. Cionodendron columen^t gen. et sp. nov. Btirindi Series, Slaughter- 

house Creek, near Gravesend (N.S.W.). Transverse section, X 3. 
A few corallites from the same section as PI. VIII, fig. 5 ; hero in- 
cluded for purposes of comparison and contrast with lAthoah'oHo^u 
(See p. 166.) 

5. Lithostrotion martini Edwards & Haime. Viscan, Settle (Yoi’kshire). 

Longitudinal section, X 2. (See p. 167.) 

6. Jjiihostrotion stanvellense Etheridge fil. Lower Carboniferous, Lion 

Creek, Stanwell, near Rockhampton (Queensland). Longitudinal 
section, X 2, (See pp, 167, 168.) 

7. Cionodendron columen, gen. et sp. nov. Burindi Series, Slaughter- 

house Creek, near Gravesend (N.S.W.). Longitudinal section, X 3. 
Pigs. 5, 6, & 7 are arranged so as to show the differences between 
the typical British and typical Australian forms of LithosiroHon and 
between these and Cionodendron. L. martini has a slender colu- 
mella and well-formed tabulse ; L. stanvelleyise has a stout columella, 
sharply , bent tabulm, and small arched, tabella} ; and Cionodendron 
has a very stout columella, and concave but very sharply bent 
tabulae. (See p. 167.) 

[The sections reproduced as figs. 1 & 2 in PI, VIII were irreparably broken 
in transit .through the post. The other sections are in the custody of the 
institutions to which belongs the original material whence they were 
prepared.] 
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Discussion. 

Prof. H. L. Hawicins congratulated the Authors on the addition 
of a fresh case to the growing volume of evidence regarding syn- 
chi'onous parallelism in evolution. With respect to the hypertro- 
phied columelli© of the two new genera, he enquired whether there 
was evidence to show reason for such a development. Voluminous 
deposition of calcite was often a symptom of phylogerontic 
stages, but seemed to be induced occasionally by environment. 
Was the peculiarity of these corals to be ascribed to life in ' cal- 
careous ’ surroundings, or was it due to phyletic senility ? If the 
latter were the explanation, it was peculiarly interesting to find 
end-forms of such distinct lineages appearing at the same time in 
the same district, while series of the same lineages were still 
flourishing elsewhere. 

Dr. STANiiET Smith replied that he considered that the excessive 
deposition of calcite to form the columella was rather due to 
phylogerontic reasons than to excess of calcium carbonate in the 
sea. The conditions of deposition were not excessively calcareous, 
rather the reverse. He pointed out, however, that the tissue other 
than the columella was not particularly thiclcer, as is often the 
case where an organism shows more than usually a tendency to 
deposit calcium carbonate. 
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8. The Peteolooy of the Metamoep hosed liocKs of the Staiit 
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[Plates X & XL] 
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I. Inteoduction. 

The narrow strip of country foi'ming the southernmost ]->enin.Mula 
of South Devon, and extending from Start Point we.stwards to 
Bolt Tail, has been the subject of repeated enquiry by various 
geologists since the first report on the geology of Devon by 
Sedgwick <& Murchison. 

On the north this area is bounded by rocks the Devonian age 
of which is attested by definite organic remains. Whether the 
rocks of the Start peninsula themselves are also of this ago, or 
whether an older group, has been much discussed, aiul no small 
part of the literature is devoted to this subject, apart from any 
exhaustive study of the rocks themselves. Ih’of. T. O. Bonnoy*^ 
appears to have been the first to apply microscopic ]>eti’ogra}>hic 
methods to the elucidation of the rocks "themselves, and, following 
him. Miss 0. A, Eaisin ^ has also contributed researches on the same 

1 Q. J. G. S. vol. xl (1884) pp, 1-26. 

2 Ibid, vol. xliii (1887) pp, 715-33. 
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lines. But no adequate account of the mineralogical nature of 
the peculiar Green Schists of the area was forthcoming until 
Sir Jethro Teall and Dr. A. Harker i examined sections of the 
rocks collected by other observers. 

In any interpretation of the structure of this tract of country, 
the early observers were at a disadvantage, in the fact that no 
adequate geological survey of the district had been made. The task 
of mapping the area was undertaken by the Geological Survey, the 
results appearing in the 1-inch map by W. A. D. IJssher, published 
in 1898. Since that date the area has been map|)ed on the 6-mch 
scale, and in 1901 Ussher’s investigations api^eared in the form of 
a memoir.® With this memoir the long line of jmblications on the 
Start rocks was completed, and no further data seem to have been 
recorded in print. 

The results and conclusions to which Ussher was led are stated 
in his memoir, and he appended thereto a bibliography on the 
geology of the region, rendering it unnecessary to repeat this here. 
The same observer dealt with the relations of the Start group of 
rocks to the undoubted Devonian rocks on the north, but left 
undecided the mutual relations of these groups. Beyond petro- 
graphic descriptions of a few’' rocks by Sir J ethro Teall, the petrology 
of the area, and more paiticularly the nature of the Green Schists, 
which form so iDrominent a group in the Start stratigraphy, are hut' 
lightly touched upon in the official memoir. 

The purpose of the present communication is the treatment of 
these rocks from the petrological point of view ; but it is necessary, 
for the sake of eom];)leteness, to remark again on the stratigraphy, 
and discuss Ussher’s interpretation of the structural i’elatio.ns. 

II. Structure oe the District. 

Two main groups of rocks are recognized as constituting the 
Start Point area : \a) mica-schists, and (Jj) Green Schists. 

These rocks have a predominant east-and-west sti-ike, and are 
highly folded. Prom an examination of the Goa.stal sections, 
Prof. Bonney (wdio exammed these rocks in 1881) was led to the 
conclusion that the mica-schists formed a distinct stratigraphic 
unit lying above the Green Schists. He w^as of opinion that the 
Green Schists were basic rocks of igneous origin, but nowhere has 
he stated definitely whether they were to be regarded as predomi- 
nantly of tufaceous character, or as lavas or intrusions. On tlie 
other hand, W. A. E. Ussher, after mapping the area on the 6-inch 
scale, reached the conclusion that the mica-schists lay as a group 
below the Green Schists, forming a core to anticlinal structure in 
the Green Schists on the eastern side of the Salcomhe estuarj’- ; but, 
in the area on the west, the coalescence of the two main bands of 

^ A. B. Hunt, Geol. Mag. 1892, pp. 341-48. 

2 * The Geology of the Country around Kingsbridge & Salcomhe (Explan- 
ation of Sheets 355 & 366) ’ Mem, Geol. Surv. 



Geological shetchmap of the Start area. 



[The map is oriented north and south.[ 
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Green Schists formed a syneline from their union near Malborough 
to the Bolt Tail. He considered that 

‘ the Green Schists may unhesitatingly be regarded as an altered series of 
basic igneous rocks allied to the diabases in composition, and possibly 
consisting in part of altered tuffs * (op. cit, p. 37). 

I am of opinion that an adequate explanation of the structure 
and stratigraphy of this district can only be obtained by recognizings 
both an upper and a lower group of mica-schists. 

Across the strike from their boundary with undoubted Devonian 
rocks the Start rocks have a width of outcrop attaining a maximum, 
of B miles to Prawle Point, and aj^proximately 2| miles to Bolt 
Head, the southernmost headland of the western area. Along the 
strike, and approximately coinciding with the structural axis of the 
district, they stretch from Bolt Tail to Start Point, the eastern- 
most promontory — a distance of nearly 10| miles. 

For purposes of description, the district may be divided into two 
areas, the one covering the rocks developed east of the Salcombe 
estuary, and the other the region stretching from Salcombe to 
Bolt Tail and the village of Hope. 

It is clear from Ussher’s mapping that a single major band of 
Green Schist is developed, which, on account of folding, is split up 
into two bands, one forming the southern coast of the eastern area, 
while its northern branch runs in proximity to the southern out- 
crops of the definitely determined Devonian slates and jjhyllites. 

The following succession is represented in ascending sequence ; — 

(a) Start Mica-Schists. 

(h) Green Schists. 

(c) Bolt Mica-Schists, 


Area East of the Salcombe Estuary. 

East of the Salcombe estuary the Green Schists form two distinct 
and separate hands, the southern striking eastwards to Prawle 
Point, and the northern band being developed along the Southpool 
creek, and at Scoble Point, striking eastwards to the village of Hall 
Sands, 

Investigation of the Green Schists shows that they are to be 
regarded in large part as dynamically metamorphosed lava-flows — 
possibly associated with sill intrusions — and beds of composite 
origin, basic ashes containing the detrital material of normal 
sediments. The evidence upon which this conclusion rests will be 
given in the petrographical section of this paper. ■ Ussher's mapping 
makes it clear that the Green Schists form an excellent datum-line 
for the elucidation of the structui'e of the district. 

There is every reason to believe that east of the Salcombe estuary 
the disposition of the rocks is antielinorial, the mica- and quartz- 
mica-schists at Portlemouth and Start Point forming the core of 
the anticlinorium, and the Green Schists resting upon them. 

There can be no doubt that the mica-schists and Green Schists 
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form an intimately related group of rocks ; for, in tlie upper 
portions of the mica-schists and in the lower bands of the (Ireen 
Schists, there are intercalations of Gi^een Schists and mica-schists 
respectively^ 

One of the best sections for study^'ing the relations of the <Jrecn 
Schists and the mica-schists in this area is the coast-section south 
of Biddle-Head Point. At Sunii.y Cove tliere are evidences of 
incerbanding of mica-schist with the Green Schists, and in the 
main mass of the Green Schists at this place the dip is south- 
westwards, overlydng the mica-schists on the north. Tliis south- 
westward to southAvard dip is continued along the coast, ])econiing 
less steep, until at Limebuiy Point the beds show evidence of 
rolling, and contain narrow bands of mica-schist and cblorite- 
mica-schist. 

The continuity of the Green-Schist oiitero]) along the southern 
coast is broken at Rickhani Sands, where faulting htis brought into 
contact the mica-schists and the Green Schists. This fault, as 
Ussher mapped it, is a dip-fault which can bo traced inland to 
Kickham Farm. A second fault is developed at the eastern end of 
Seacombe Sands, and from that point to Moor Sands the coast is 
formed of mica- schists. 

The northern boundary of the great mass of the Prawle Gi*een 
Schists is exposed in Moor Sands on the west, and at Hox’seley Cove 
on the east. Inland the boundary-line is for its greater length 
obscured, its approximate position being in cultivated fields. 

At Moor Sands the junction-beds are highly inclined, but the 
superposition of the Green Schists is maintained. Between this 
point and Prawle Point the high inclination obtains, until at the 
signal-station the Green Schists dip at to 45° in a direction 
slightly west of north. 

In the eastern coast-section at Horseley Cove, the heach-reefs 
display low dips and undulations, finally passing southwards into a 
northward dip at Langerstoiie Point, where there are nunierou.s 
intercalated sedimentary bands exposed on the shore. It is, 
therefore, probable that, in the Prawle ina.s.s of the Gi*een Heliists, 
a compressed synclinal structure is developed. 

Igneous bands are developed in the mica-schists north of 
Horseley Cove, and narrow bands of basic ashes are ]>re.st*nt in tlie 
mica-schists below the Start Point Lighthouse. 

The first evidence of the Green Schists forming the northoini 
band of the anticlinorial fold along the Salcoinbe estuary is 
furnished by a narrow band dipping northwards close to the 
Pox'tleinouth FexTy’’- steps, and the southern outci’op of the northeini 
Green-Schist band is I’evealed at various points along the southern 
shoi'e of Southpool Ci'eek. A gimt development of the Green 
Schists, with intexmlations of mica-schist, follows noi’th (with 
a dominant noi'thwai’d dip) to the junction with undoabte<l 
Devonian I'ocks in the inlet almost opposite Tosnos Point. The 
Green Schists ai’e again exposed in Waterhead Ci'eek, and on bixth 
sides of the Southpool Creek near Gullet Farm. 
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On the eastern coast the cliffs at Hall Santis, south of the 
Bickerton Valley, consist of gnarled and contorted mica-schists 
overlain hy a narrow band of Grrecn Schists dij)ping northwards. 
These Oreen Schists are exposed with the same disposition in 
greater mass in a quai’ry west of Hall Sands. 

The cliffs at Green Straight are regarded as Devonian rather 
than as altered ^members of the Green Schists, and the aetnal 
junction at the coast seems to be hidden in the valley itself. 

Area West of the Salcomhe Estuary. 

In the area east of the Salcomhe estuary, only one definite- 
group of mica -schists has been recognized : the Start Schists, 
whicli underlie the anticlinorial limbs of the Green Schists of the 
southern coast and of Southpool Creek ; but in the western area 
the structural relations point clearly to a twofold division of the 
mica-schists. As we proceed westwards, the two bands of Green 
Schists of the eastern area are seen rapidly to converge into a single- 
folded mass west of Salcomhe. As mentioned above, Ussher was 
of opinion that in the Hope-Malborough section the Green- Schist 
mass formed a syncline. On this inteiqu'etation, the mass of mica- 
schists lying south of the united Green-Schist band is constituted 
by Start Schists ; but the evidence for this interpretation is. 
nowhere clear. 

An examination of the excellently exposed coast-section from 
Ilbertstow Point to Bolt Head shows that the anticlinorial struc- 
ture is still preserved, and that there is no evidence proving that 
the southern band of the Green Schists from Port Charles to South, 
Sands is an overturned syncline or isocline. 

The mica-schists form the core of the anticlinorial outcrop, 
along the Salcomhe estuary from Foi*t Charles, where a fault is 
well displayed bringing mica-schists against Green Schists along 
the strike, to a point immediately below the Marine Hotel, at 
which point the northern limh of the Green Schist is developed. 

Minor intercalated bands of Green Schist . can be seen in the- 
mica-schists in the shore-section below Woodville. 

The lower mica-schists continue westwards in a wedge-shaped 
outcrop to a point south-east of the village of Malborough, where 
the northern and the southern band coalesce, and this single major- 
band continues westwards to Bolt Tail. 

It is unfortunate that, in this inland tract, exposures of the 
rocks are few, and the detailed outcrops of the individual beds, 
cannot be accurately mapped, wherefore the boundaries of the 
Green Schists shown onXJsshei'’s map cannot he always guamnteed. 
The major band of Green Schist, as we proceed westwards from 
Malborough, swings slightly round to the south. 

In the section exposed at Bolt Tail, the Green Schists are highly 
inclined. Their junction with the mica-schists of the Bolt mass 
at Greystone Ledge shows the junction to dip at a high angle- 
northwards, and this high dip is the prevailing dip from that point- 
to .Bolt Tail itself. 
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ITssher’s iDterpretation of the synclinal structure in the Green 
Schists of this area appears to be dependent on the section which 
he figures in the frontispiece of his memoir : namely, the section 
between Outer and Inner Hope. This, however, cannot be used 
to support the theory of synclinal structure in the main mass of 
the Green Schists which lie south of the section. 1 am of 
opinion that the features displayed in this section are more 
probably explained by representing the major band of the Green 
Schists extending from Malborough to Bolt Tail as constituting 
the core of the anticlinorium formed by the coalescence of the two 
bands of Green Schist, which (in the Bolt Tail area) have been over- 
tui'ned southwards, giving* the predominant northward dij) seen in 
the section from Grey stone Bedge to Bolt Tail. 

In the sections exposed between Bolt Tail and Whitechnrtdi, 
•especially near lied Rot Cove, there are several thrusts which can 
be seen from points near the water’s edge. These thrusts have 
a northward inclination, and are probably connected with the oyer- 
folding of the Green Schists. 

On this interpretation, the mica-schists lying north of tlie 
Malborough zone represent the upper iniea-schists which abut 
:against Devonian rocks on the north. As Ussher noted, the Green 
Schists of the northern band give some indication of dying out in 
-a north-westerly direction, and it is probable that the interdigita- 
tion of mica-schist represented the incoming of those more normal 
-sedimentary conditions which have given rise to the upper beds of 
mica- schist that are stratigmphically on the same horizon as the 
Bolt mica-schists. 

The structure of the Start District may, then, be shortly stated 
;as an anticlinorium with an axis pitching westwards; the 
•Green Schists form one major horizon resting on a lower group ot‘ 
mica-schists — those of Portlemouth and Start — , and ovei’lain by 
the mass of mica-schists of Bolt Head : the latter being repre- 
.sented in the mica-schists lying north of the single band at 
Malborough. Prom Malborough to Bolt Tail the summit of the 
.anticlinorium is traversed in Green Schists, the beds being closely 
•compressed, and forming an overfolded sequence in the coast- 
: section at Bolt Tail. 


III. The Mica- and Quartz-JMica-Schists. 

(< 2 ) Mica-Schists of the Start-Portlemouth Area, 

These rocks are the oldest sediments I’ecognized in the area. 
They form a very uniform group, so constant in mineralogical and 
petrographical character that no definite band can be singled out 
; as* a datum-line for recognition of structure within the group. 
Schistosity is usually well developed, and intricate folding and 
gnarling on a minute scale is often seen. 

While there are patches free from quartz-veining, the greater 
part of the area of these rocks exposed shows that the beds have 
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been penetrated by quartz solutions in the direction of the major 
planes of schistosity. Not only quartz-veins, however, but quartz- 
albite^-veins are frequent, some of these reaching a foot in 
thickness. Albite, often pink- weathered, may iDredominate almost 
to the exclusion of quartz. In the Start Schists this veiiiing is 
well developed in the coast-sections between Mill Bay and Biddle- 
head Point, near Dekkler’s Point east of Seacombe Sands, and 
.along the coast-sections at Peartree Point, near Start Lighthouse. 

The intimate relation of these rocks with the associated Grreen 
.Schists is shown by the interbanding near the junction with the 
latter, and by isolated lenticles of Green Schists enclosed within 
the main mass of mica-schists. Good examj^les are afforded at 
points north of Horseley Cove, below the lighthouse at Start 
Point, and the bands near the Ferry. at Portlemouth, and below 
Woodville on the opposite shore of the estuary. 

(b) Mica-Schists of the Bolt Area. 

The mica- and quartz-mica-schists of this area are separated 
from the group already described by the band of Green Schists 
'stratigraphically interposed. There are no lithological distinc- 
tions between the two groups such as can be recognized. 

Although the Bolt area is not so continuously accessible as the 
lower group of mica- schists, yet it is worthy of remark that, in 
•the southern mass extending from Bolt Head to their western 
limit, no signs of vulcanicity can be observed. The mica-schists 
.“are, in the same manner as in the Start group, intimately pene- 
trated by quartz- and quartz-albite-veins. 

There is a dominant southward dip of the schistosity in the 
•section exposed from South Sands to Bolt Head ; but the absence 
of any well-defined lithological horizon prevents detailed deter- 
mination of structure within the group. 

(c) Petrography. 

PetrograxDhically, the Start and Bolt schists are indistinguish- 
.able; and in the following petrographic description both groups 
are included. The mineralogy of these argillaceous sediments is 
eomj)aratively simple. The principal constituents are quartz and 
the white mica muscovite, hut chlorite and albite may he im- 
|)ortant members. Aecessorily developed are titanite, tourmaline, 
iron-ores, epidote, zircon, rutile, apatite, and ilmenite. 

Quartz is developed in ai'eas separating hands of muscovite and 
chlorite. These grain.s are often distinctly elongated, and are 
intergrown with a typical sutured texture, sometimes showing 
undulose extinction. There is thus clear evidence that recrystal- 
lization in sitii, is involved. 

Muscovite and chlorite f oim layers in which these min erals 
are in intimate association. The chlorite is often noticeably 
pleochroic, in green to pale yellow-green tints, and may show 
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abnormal interference-tints (indigo blue to brown). There is no 
reason to believe that any of this chlorite is secondarily)' derived 
from metainorpbic biotite in situ. The stage of typical biotite 
development in the argillaceous rocks of this area has not been 
reached. 

Usually albite is sparingly develox^ed in these rocks, associated 
with quartz, and distinguished hy its cleavage and refraction, and 
biaxial optically ]>ositive character. When it is present in aimn- 
daiice, there is clear evidence (from other considerations) that 
a rock of composite origin is involved. 

Albite Hgures in a remarkable mass of mica-schist in the Bolt 
area near Starchole Bay, and Bolt Head. At tliis point the mica- 
schist is found to contain knots of a black well-cloaved mineral, 
forming porphyroblasts in a quartz-chlorite-mnscovite ground- 
mass. Thin slices of these rocks show that these porphyroblasts 
are albite, the blackness being due to carbonaceous inclusions.^ 
These carbonaceous inclusions form zonal bands in the albite, and 
are associated with minute highly-refringent prisms of rutile. 
The rutile is often abundant in the porphyroblasts themselves, 
and good examples of the sagenite web occur. Albite-t winning 
is developed in broad but irregular bands. Tlie zonary structure 
induced by the carbonaceous swarms is not infrequently irregular, 
sinuous, and contorted, and the carbonaceous j)artieles are also 
found in the muscovite-chlorite layers. 

The remaining minerals of the mica-schists ai'e developed as 
accessories. Titanite in minute wedge-shaped grains is xiot 
uncommon, and a like i*einark applies to tourmaline, usually 
showing pleochi’oism in hi’ownish-green to brown tints. The 
iron -ores include magnetite, often showing alteration to lijcmii- 
tite, secondaiy limonite, and pyrites. Porphyroblasts of ilmonitc, 
now largely leucoxenized, occur in a quai'tz-mica-schist fi*f)m Start 
* Cove. Zircon may occur with pleochroic haloes in chlorite. 

In the normal mica-schists garnet is a rare constituent; but 
its presence is noted in a quartz- mica-schist from Seaeombe Bands, 
where it is developed in association with chlorite and muscovite in 
idioblastic dodecahedra. This mineiul is, however, not uncoiximou 
in those schists of composite origin which are described below. 

IV. The Greek Schists. 

{a) General Description. 

The distribution and the stratigra pineal position of the.se highly 
intei*esting rocks have been dealt with in a previous sectioxx of this 
paixei'. The lithological and petrogxuphic chai’aetei'S of the rocks 
I’emaixi to be touched upon. 

They are chax-actei’ized by an almost univei'Siil green colour, 
showing gradations from a yellowish green to a strong dee]> gi*een. 
At their junctions this green eoloi'atiori is often replaced by red 
and bi’own tints. This is cleai’ly due to the presence of films of 

^ I believe this mineral to be that mentioned in Q. J. G, S. vol, xliii (1887> 
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hydrated iron oxide, but the mineralogical constitution is not 
afiected. These rocks are, as a rule, distinctly schistose, though 
more massive types are not uncommon. They show, in many eases, 
alternations of colour from yellowish green to deep green pai'allel 
to the schistosity, and this in some respects simulates a bedded 
structure. In thin sections this structure may he revealed by 
successive bands showing variable mineralogical composition, such 
as narrow layers rich in albite adjoining layers in which chlorite 
or hornblende is more abundant. On weathered surfaces this 
pseudostratal structure is accentuated by the protrusion of small 
crystals of the more resistant albite. furthermore, the G-reen 
Schists have not infrequently been penetrated along the planes of 
schistosity by quartz solutions, but on a scale far from commen- 
surate with that developed in the neighbouring mica-schists. The 
resistant weathering of these narrow films of quartz tends further 
to accentuate this structure. 

Many of the schists are characterized by a pitted or cavernous 
structure, and these hollows can be shown to represent weathered- 
out grains of calcite, or quartz of the quartz-veining. 

Among other macroscopic structures developed in the Green 
Schists, we may note the presence of nodular masses lai’gely con- 
sisting of yellow-green epidote. Such masses, varying in size from 
half an inch to 6 inches, occur in the Green Schists in various parts, 
of their exposure. Some of the best examples can be studied in 
the coast- sections between the Bull and Limebury Point, at the 
southern end of the Saleombe estuary, and also in the Pi'awle 
mass of the Green Schists at Hamstone Cove, and the neigh- 
boux*hood. It is in every way pi’obable that these rejjresent 
amygdales, and are the metamorjxhosed equivalents of infilled 
vesicles in an oi*iginal volcanic I'oek (see p. 187). 

I have already refeiTed to the pi’esence of quartz-veinlets in the 
Green Schists. These have the same origin as those developed in 
the associated mica- schists. In the latter rocks, however, they 
are much more abundant than in the Green Schists. This 
contrast can nowhei’e be better exemplified than in the narrow 
bands of mica-schist associated with the Green Schists at their 
lower and upper junctions. There can be no doubt that this 
contrast is due to the fact that the invading solutions have selec- 
tively penetrated the mica-schists, on account of their more 
perfectly developed schistosity. Quartz-albite-veins must be quite 
exceptional in the Green Schists themselves. 

Petrographically, the Green Schists can be divided into two 
distinct types: — (i) chlorite-epidote-albite-schists ; and (ii) horn- 
blende-epidote-albite-sehists. There are gradations between these 
types, in which chlointe and hornblende are almost equally developed. 
Nor can we separate these two dominant types with regard to 
any zonal distribution, for both are to be recognized in all the areas 
where the Green Schists are developed. Nevertheless, there is. good 
reason to believe that these rocks represent di:Eerent grades of 
dynamic metamorphism of one and the same rock- type. 
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(d) Petrography. 

(i) Chlorite-Epidote-Albite- Schists, 

The constituent minerals o£ these rocks arc chlorite, epidutc and 
cliiiozoisite, albite, titanite ; and (aceessorih^) cjileite, hornblend<‘, 
quartz, also in some examples a fcAv flakes of white mica. Hic 
petrographical character of this group of the Green Schists can be 
exemplified by the description of a Green Schist from vSeacombe 
Sands, Prawle coast. Macroscopically, this is a silky, grey-green, 
distinctly schistose rock, showing white grains of all^ite. IJinler 
the microscope the constituents seen to be j>resent are chlorite, 
epidote, albite, titanite, hornblende, and magnetite. 

The chlorite forms plates with which the fibres of amphibole 
are intergrown, and yielding a green to yellow-green pleoehroisin. 
Sections examined show almost uniaxiality and positive c)})tical 
character, with low double refraction. 

The epidote is a ferriferous type giving third-order carmine 
tints, and a strong pleoehroisin in yellow-green tints. It is optic- 
ally negative, the birefringence having a value of O'OJiS corre- 
sponding to a ferric-oxide content of 14 to 16 x>er cent. 

The felspar is an albite with refringence less than Canada 
balsam, and extinction on 010 of 19®. It is optically positive. 
Twinning is rare, and cleavage is often absent. The most common 
inclusions in the albite are grains of epidote and fibres of 
amphibole. 

Titanite occurs in rounded grains of high relief, associated 
with epidote and chlorite. 

The amphibole is present in long needles with cross-] ):irting, 
associated with chlorite or enclosed in albite. The colour is bluish 
green to almost colourless, and the maximum extinction from the 
prism axis is 20°. 

A very small amount of quartz is interstitially found among 
the albite grains, characterized by its higher refringtmee, ami 
proved by optic uniaxiality. A single grain of apatite is present. 

The crystals of chlorite and amphibole are oriented in parallel 
enclosing gmins of epidote, and such bands may be separated by 
areas of albite. 

This Green Schist was selected as a type-rock for analysi.s. It 
is free from calcite, and was so selected, as it is not clear how fiir 
the calcite in these rooks represents migiation of material. The 
results of this analysis are set foi'tli in the aceom|>anying table 
(p. 183). Quoted with it are the analyses of a number of com- 
parable basalts, Prof. A. Daly’s average for all Iwisalts, and 
two analyses of dynamically metamoiqdiosed roeks which are 
mineralogically similar. 

The agreement between these analyses confirms the essentially 
igneous chai-acter of the rocks. 
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The norm of this rock is : — 



Per cent. 


Per cent. 

Ortlioclase . . 

2-18 

Hyperstbene 

13*02 

Albite 

27*25 

Olivine 

4*62 

Aiiorthite 

26*70 

Magnetite 

6*03 

Diopside 

. 12-26 

Tlmenite 

3*50 

id the mode, 

as in part determined : — 



Per cent. 
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Titanite 

4*5 

Cblorite 

■) 

Albite 

30*0 

Ei>idote 




Hornblende 
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Green Schists showing j)orphyroblasts of alhito in u chlorite- 
epidote ground-mass are not uncommon. On weatliercd faces the 
albite-ciystals stand out from the rock, imparting to it a knotted 
appearance. A good example of a rock of this type from Leek 
Cove was studied. From the type already described this rock <liifers 
mineralogically in the presence of a considerable amount of white 
mica, and its association with narrow bands of Tindoubtcd sediment 
leads to the conclusion that the rock is a metamorphosed basic 
ash. 

The constituents ai'e chlorite, epidote, albite, titanito, blue-green 
fibres of am])hibole especially associated with chlorite, muscovite, 
and magnetite giving place to haematite. Some bands of this rock 
are very rich in muscovite associated with chlorite. Quartz is- 
absent. 

The porphyroblasts of albite range in size tip to 1*5 mm., arc 
occasionally twinned, and cleavages are usually well developed. 
They commonly show a poikiloblastic texture, due to the presence 
of ^ fibres of amphibole and elongated crystals of a ferriferous 
epidote. These are characteristically arranged in pamllel, but are 
not necessarily parallel to the longer axes of the porphyroblasts of 
albite. Except for the inclusions above noted, the albite-grains 
are water-clear. A rock of this character, except that miiHcovite 
is absent, is described from Inner Hope by Sir tlethro Toall in 
Ussher’s memoir.^ 

The rocks so far described have been completely free from a 
carbonate mineral. Usually, however, this mineral (calcite) is. 
common among many of the Green Schists of this type. Hie- 
calcite in some cases may rank as an important constituent, and 
there is every reason to believe that it has crystallized as such 
during the metainorphism of the rocks. It is intimately inter- 
grown with albite, and shows multiple twinning of the usual type. 
Chlorite is the coimnon inclusion, but enclosures are not abundant. 
In accordance with its position in the crystal loblastic series, the 
calcite is moulded on to the more idioblastie albite. In the true 

^ ‘ The Geology of the Country around Kingsbridgo ’ Mom. Gool. Surv. 
1904, p, 61. 
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Oreen Schists, quartz is never a prominent constituent, but is 
usuall^^ present in minor amount associated with albite-grains. 

^ The presence o£ abundant quartz and muscovite is characteristic 
of the composite rocks dealt with below. 

Biotite enters as a subordinate constituent of a Grreen Schist 
south of Moor Sands, west of Prawle Point. This is the more 
noteworthy, on account of the remarkable rarity of this mineral in 
the rocks of the immediate neighbourhood of Start Point. It is 
developed in flakes associated with chlorite. Some muscovite is 
similarly associated. The pleochroism of this mica is pale yellow 
to dark brownish-green, and it is practically uniaxial. It is in 
this rock that nodular masses of epidote, calcite, and chlorite are 
developed, the nature of which will be considered on a later page. 

(ii) Hornblende-Epidote-Albite-Schists. 

/ By increase in the amount of liornblende in these rocks, and 
'Concomitantly a decrease in the quantitative proportion of chlorite, 
the Q-reen Schists pass into the second well-defined tyi^e of the 
hornblende-epidote-albite-schists. There is no doubt that these 
rocks represent an increasing grade of inetamorphism of one and 
the same rook-type. They can be recognized from all parts of the 
-area where the Green Schists are exposed. 

The petrographic character of this type of Green Schists can be 
indicated by the description of a rock which occurs at Prawle Point 
•close to the signal-station. Maoi'oscopically, it is a grey-green, 
mot markedly schistose rock, showing porphyroblasts of a dark- 
jgreen cleavable minei’al projecting on weathered surfaces. Under 
the microscope the constituents seen to be present are hoim blende, 
«epidote, albite, titanite, and chlorite. The principal constituent is 
:a colourless to grey-green hornblende, present as porphyroblasts 
measuring up to 1*5 mm. in length. It is only weakly pleoehroic 
in pale green tints. Hornblende is also developed as cross -fractured 
fibres, as in the chlorite-epidote-sohists. The maximum extinction- 
angle is 22°, and the birefringence =*022. The periphery of 
these x^oi’phyroblasts is often enclosed by aggregates of epidote - 
granules, with which titanite-granules are mingled. The optical 
character of the hornblende is negative. 

Epidote occurs in subidioblastic grains of quite small dimen- 
sions. This is a less ferriferous type than that represented in the 
ehloi'ite-epidote-sohist previou-sly described. The bii’efringenoe 
= *028, and there may be zonal structure developed. In such 
cases the shell is more ferriferous than the core. 

Alhite rarely forms porphyroblasts in any of these rocks, but 
usually is interstitially developed. It may be a less sodio type 
than the albite of the chloidte-epidote-schists. The refractive 
index is only slightly lower than that of Canada balsam. Cleavage 
is rarely developed, and the same remark applies to twinning. It 
is clear that some of this felspar is as calcic as acid oligoclase, for 
some of the slides show grains with the refringence of Canada 
balsam, and give a negative optic figure. 



LOO DR. C. E. TTLLEY OIT THE PETROLOGY OP [vol. ixxix* 


Titaiiite is usually lu’esent in spindle-shaped grains, or is 
xenoblastic. 

The chlorite is an accessory constituent, having the properties, 
of the chlorite of the chJorite-epidote-schists. It is in intimate 
association with the hornblende. The texture of the rock is 
distinctly crystalloblastic. 

This rock -was selected for analysis as ty}>ical of the second 
group of the Green Schists. In the accom]>anying table are re- 
corded analyses of both igneous and nictaniorjdiic rocks of eoin- 
jmrable composition. It will be clear from this table that the 
rock is essentially of basaltic composition, similar to the Tertiary 
basalts of the Western Isles of Scotland, and among metamorphic 
rocks we find its analogues in hornblende-schists from the Lizard 
and Norway, and in a greenstone - schist from Kainy Lake 
(Canada). 



VI I. 

VIII. 

IX. 

X. 

XI. 

xri. 

SiOa 

49*33 

48*26 

46*61 

47*11 

48*0 1 

10-2H 

AhA 

14*82 

14*00 

15*22 

19*75 

11*99 

3I‘24. 

PegOs 

3*{)8 

3*39 

3*40 

3*30 

3*42 

3*93 

PeO 

7*27 

9*38 

7*71 

4*69 


11*63 

MgO 

7*94 

6*60 

8*66 

7*73 

7*76 

7*40 

CaO 

11*25 

10*83 

10*08 

11*67 

9*00 

n*2K 

NaaO 

3*64 

3*54 

2*43 

2*80 

3-63 

3*4B 

KaO 

0*32 

0*61 

0*67 

0*80 

0*53 

0*81 

HaO-h 

2*26 

1 2*08 

3*07 

1*73 

1*36 

0*28 


0*13 

1 0*56 i 

1*10 

0*07 

0*30 

0*05 

Tlba 

1*55 

1 2*47 ! 

1*81 

! 0*67 

1*90 

1*70 

PA 

— 

1 11. d. 

0*10 I 

0*10 

0*16 

0*15 

MnO 

11. d. 

— 

0*13 1 

0*08 

0*30 

0*03 

Accessories 

11. d. 

j __ 

— 

0*02 

0*39 

0*15 

Totals 

Specific gravity 

100*4 

' 100*76 

100*08 

99*41 1 

100*21 1 

ioo*;h» 

17° 

3*010 

Il4° 

3*003 

2*87 ; 

20° 

3*000 

j 

— 


VII. Hornblende-epidote-albite-scbist, Signal-Station, Prawle Point. 

VIII. Tachylyte of basic andesite, Kildonan, Eigg. Min. Mag. vol. six 

p. 288. 

IX. Olivine-basalt, Drynocli (Skye). A. Havker, * Tertiary Igneous Rocks of Skye 
Mem. Geol. Surv. 1904), p. 31. 

X. AmpliiboUte-scbist (metamoi*phosed lava), Naversnes, EinniV (Stavanger), 
V. M. Goldschmidt, Vidensk. Sclsk. Sfcrifter, No, 10 (1920) p. 12. 

XI. Hornblende-schist, the Lizard. E. G. Radley, in J. S. Flett 1. B. Hill, 
Mem. Geol. Surv. 1912, p. 48. 

XTI. Greenstone-schist islet in Rocky Islet Buy. A. C. Lawson, Mem. (iifol. Surv. 
Canada, 1913, No. 40, p, 50. 

The norm of this rock is : — 


Per cent. 


Orfehoelase 1*7 

Albite 21 '5 

Anorthite 28T 

Biopside 22*4 


Per cent. 


Hyper athone 10*3 

Olivine 0*8 

Magnetite 4*4 

Ihnenito 2'R 
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while the calculated mode gives : — 

Per cent. 

Hornblende 4'7*5 Chlorite 

Epidote 22*5 Titanite 

Albite 23-7 

Analysis YII shows that the hornblende must he of an alu- 
minous type. The aj)proximate composition, as calculated from 
the analysis, is CaO 11 f)er cent., MgO 16, FeO 15, 9, and 

SiO.^ 4S. A comparable hornblende is that of the hornblende- 
dacite from San Pedro, Sierra del Cabo, Cabo de Gata (Sixain) : 
see Whitman Cross <fe others, ^ Quantitative Classification of 
Igneous Jiocks ’ 1908, Table XIII e. 

When this analysis (VII) is compared with that of the 
chlorite-epidote-albite-schist, it will be seen that the main dis- 
tinction is the higher lime content and lower soda content of the 
former. By advance in metamoi*phism, chlorite has given place to 
hornblende, i)artly at the expense of epidote and probably also 
by reaction with calcite. With this increasing metamorphism the 
character of the plagiociase slowlj'- changes. A more calcic type 
of felspar is stable under higher-grade metaniorphic conditions. 

As has been noted above, rocks of this tyjDe are widely distributed 
in the Start Green Schists, but no zonal areas can be differentiated. 
Other notable localities for hornblende-schists are Bolt Tail, and 
Inner Hoi^e, Southpool Creek, and Spirit of the Ocean Cove, near 
Start Point, where an isolated mass of Green Schist is found 
among the mica-schists. This latter rock has been described by 
Dr. A. Harker, and his description is quoted by W. A. E. Ussher 
in the Geological Survey Memoir, p. 51. The mineralogy of this 
rock is essentially similar to that of the Prawle Point rock. 
Epidote is more abundant, and the distribution of the albite is 
somewhat different. In this rock it forms granular aggregates of 
lenticular shai)e, and between the lenticles are developed amphibole, 
epidote, and titanite, with chlorite. Calcite is also present. It 
is possible that this rock represents a sill-intrusion in the Start 
mica-schists. 

In other members of the hornblende-epidote-scbists, such as, for 
example, a hand at Seacomhe Sands, the hornblende does not form 
stout porpbyroblasts, but is wholly developed in long colourless to 
pale-green fibres with marked cross-parting, associated with epidote 
and less abundant chlorite, and separating lenticular areas of alhite. 
With this development the schistose texture is strongly marked. 

(iii) Nodular Masses in the Green Schists. 

At various 2 >oints in the Green - Schist outcrops east of the 
Salcomhe estuary, notably in the vicinity of Limebury Point and 
Hamstone Cove, yellow to yellow-green nodules are found in the 
Green Schists. Owing to their more resistant weathering, these 
masses stand out from the face of the I'ock. The nodules range in 
greatest diameter fi’om 6 inches to less than 1 inch, but measure 


Per cent. 
.. 2-0 
.. 3-7 



commonly less than 2 inches across. Epidote forms the major 
constituent of all these knots, and with it are associated chhirite, 
hornblende, calcite, and albite. 

Some of the knots are made up essentially of e}>idote and horn- 
blende. The knots examined from Hamstone Cove consist of 
finely granular epidote, intergrown with albite, and aecessorily 
chlorite, hornblende, calcite, muscovite, and quartz. Sonu^ ot! the 
hornblende prisms are in process of being replaced by bi(,)tite- 
fiakes. A few of the knots of Limcbnry Point are essentially 
made up of ferriferous epidote. The grains of epidote are variable 
in size, even wd thin the one nodule, the i^eriphery often being more 
coarsely granular than the interior. 

No zonal arrangement of minerals can be made out, however, in 
any of these nodules. The distribution of e])idote in tlie (Ireen- 
Schist masses of the Start shows no analogy with the reinarkalde 
associations of this mineml in the Landewednaek hornblende- 
schists of the Lizard. In the latter locality it would ajjpear that 
the original igneous rocks had suffered much deeom])osition by 
weathering, with migration of material, giving rise to calcite and 
other products, which on metainorphism have yielded banded typos 
of hombleiide-epidote-schist. 

Such types are wholly absent from the Green Schists of tlu^ 
Start area.^ It appears more probable that the nodules of these 
Green Schists represent amygdales in an original volcanic i*ock, 
which in metamorphism have yielded epidote as the ]>rinie con- 
stituent. Amygdales of this character are recognized in other 
Green-Schist areas, and it will suffice to note that in the Lake 
Superior region such examples are provided. In tlie Marquette 
gi'eenstone, G. H. Williams 1 records small amygdales filled with 
bi'ightly polarizing epidote, often associated with calcite. 

^ Nowhere in the Stai-t area can any evidence of ellijxsoidal or 
pillow-structure he observed, and, considering the very marked 
dynamic metamorphism to which these rocks have been subjeete<l, 
the absence of such structures calls for no fui'ther comment. 

V. Schists of Composite Ortoix. 

Under this heading are included those rocks which betray, either 
bj?- their aspect in the field, or hj^ their mineralogieal com]>osition, 
their character as neither normal sediments nor true igneous rocks. 
Such rocks are often abundantly developed in asstxfiation with the 
true Green Schists, especially at the junctions of these r<)(‘ks with 
the associated mica-schists. There is every reason to believe that 
these rocks are tufaeeous in origin, or are basic ashes. 

They form a natuml link between the normal sedimentary mica- 
schists on the one hand, and the essentially igneous derived Green 
Schists, on the other. Such types appear to have been deseribetl 
under the title of Hhe micaceo-ehloritic series' by Miss O. A. 
Itaisin, Apart from the light that they throw on the original 

1 Bull. XJ.S. Geol. Surv. No. 62 (1890) p, 174. 



part 2] THE METAMOEPHOSED BOCKS OF THE STABT ABEA. ISO 

nature of the Start group of rocks, they are not without interest 
from a petrographical point of view, more especially in regard 
ffco the mineralogical changes associated with p)rogressive meta- 
morphism. 

These rocks occur characteristically at the upper and lower 
horizons of the G-reen-Schist band. They are particularly well 
developed in association with the northern band, as at Ilbertstow 
Point and Scoble Point. Within the Green- Schist band they are 
^abundant at Langerstone Point, and near Xiimebury Point and 
Leek Cove, as also at other localities. 

As a group they contain the following minerals : — chlorite, 
-epidote, albite, ealcite, sphene, quartz, muscovite, rutile, iron-ores, 
garnet, and hornblende. Apart from the abundance of muscovite 
and quartz in them, and the presence of rutile and garnet, these 
rocks are differentiated from the Green Schists by their very 
variable composition. This variability of composition is not 
infrequently shown within single sections cut for examination 
under the microscope. 

Petrographieally, two types can he distinguished : — 

(a) Quartz-muscovite-chlorite-albite-scliists. 

(b) Quartz-muscovite-clilorite-al'bite-gariiet-schists. 

(a) The properties of the Brst type can be gleaned from a 
description of a rock occurring as a band among the Green Schists 
at Limebury Point. Maoroscopically, it has the habit and 
appearance of the normal mica-schists, glistening folia of muscovite 
.and chlorite being separated by quartzose layers. 

Under the microscope, the muscovite and chlorite are seen to he 
intimately intergrown, the latter appearing in j^ale-green pleo- 
•chroic tints with low interference-colours, an abnormal brown tint 
being not xincommon. These layers of muscovite and chlorite 
have a highly sinuous development. Between them lie quartz and 
albite in interlocking grains, the quartz frequently showing 
undulose extinction. 

The accessory minerals are titanite, epidote, and iron-ore (now 
haematite and limonite). Yellow prisms of rutile are occasionally 
abundant. 

(h) In the next type, garnet appears. The best development of 
these rocks occurs among the Green Schists in the Pmwle mass at 
Langerstone Point. The garnet is present in well-shaped dodeea- 
hedra, reaching 1/16 inch in diameter. In other respects these 
rocks do not differ materially from the type already mentioned. 
They show considerable variation in their quartz content. Sphene 
and epidote are often abundantly developed in association with the 
muscovite-chlorite intergrowths. Apatite is a common accessory. 
The idioblasts of garnet reach 1*0 mm. in diameter, showing 
quadrate or hexagonal outlines, and are pinkish in colour. They 
are also isotropic. Poikilohlastically epidote or clinozoisite, and 
less commonly sphene and quartz are found within its borders. 
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The refractive index o£ the garnet (as measured in methylene 
iodide saturated with sulphur) exceeds 1*78, and the specific gravity 
of carefully selected crystals is 3*94. In none of these rocks do 
the garnets exhibit any signs of incipient alteration. Hornljlemle 
is a rare constituent of the eomixjsite rocks, and fit* present) is 
characteristically developed in those areas that are free from white 
mica. Biotite is the most notable absentee, and there is no reason 
to belieA^e that it has ever figured as a constituent ot* these rocks. 

It was of interest to determine whether the garnet of these 
rocks AA^as a normal alinandine, or if other bases than ferrous oxide 
were present in notable amount. Qualitative analysis showed ii 
high content of ferrous oxide. Manganese was detenu ined 
coiorimetrieally, and found to constitute o'o per cent, as man- 
ganous oxide, corresponding to a spessartine content of 1 2*S percent. 
The ferrous iron content exceeds 20 per cent., and the ganu^t must 
therefore he regaixled as a s p e s s a r t i n e - a 1 m a n d i n e. 

There is reason to believe that the early appearance of garnet in 
these rocks is connected with the manganese content of this 
mineral. That point will be considered in § VII of this paj>er ; 
but Ave ma^'' note at this stage that an early ap])earance of garn«‘t 
is conditioned by a similar peculiarity in rocks of the Ardennes, 
and in metamorphosed ph^dlites or tho Stavanger district of 
South- W estern IToi* way 

YI. The Metamorphic Boundary. 

The literature de\^6ted more especially to the relations existing 
betAveen tbe metamorphosed rocks of the Start area and the 
Devonian rocks lying on the north has been summarized by Sir 
Jethro Teall in W. A. E. IJssher’s Geological Survey memoir. 
ITssher himself gave an admirable description of tho evidence 
concerning the boundary, but preferred to leave undecided the 
mutual I’elations of the two groups of rocks. 

The problem resolves itself as folloAA^s : — 

(i) Absence of a definite boundary, but a progrrossive inctainorpliisiu 

increasing* in intensity southAvards. 

(ii) A definite boundary (a) of unconfoi-mity, and (?>) of dislocation. 

Of these solutions the first Avas supported by, among others, 
H. B. Holl, A. B. Hunt, and A. Someiwail. Tiiese Avriters 
regarded the eAudence as one of progressive metainorphisin, and 
concluded that the Start group of i*ocks is satisfactorily explained 
as consisting of Devonian iDcks in a higher grade of meta- 
morphism. 

On the other hand, Prof. T. Gr. Bonney and Miss 0. A. Raisin 
have given reason to belieA^e that the Start rocks are .separsited 

1 A. Renard, * Les Boeboa Grenatiferes & Ampbibolhiues do la Rt%ion fio 
Bastogne ’ Bull. Mus. Roy. Hist. Nat. Belg. vol. i (1882) p. 10. 

® T. M. Goldschmidt, ‘ Die Injektionsmetamorphoso im Stavanger- Gobio to * 
Vidensk. Selsk. Skrifter, No. 10 (1920) pp. 68-09. 
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from the undoubted Devonian by an important dislocation. The* 
former, in j^articular, is einjdiatic with regard to the prior state of 
metamori^hism of the Start Schists, and has classed these as- 
Archaean. 

The evidence which has been adduced for the theory of pro- 
gressive metamorphism is of a very doubtful character. Holl ^ 
was of opinion that the southern area represented an area of 
contact-metamorphism mantling a hidden mass of granite. This 
view is wholly unwarranted. There is no evidence that thermal, 
metamorphism has played any j^art in the develoi^ment of the 
schists. On the contrary, the mineralogy of these rocks is that 
characteristic of dynamic metamorphism. 

The vieAvs of Hunt witli regard to analogies in mineral com- 
position between Devonian rocks and members of the Start Schists 
are scarcely cogent evidence for any correlation of these twO' 
groups of sediments. 

The hj^Dothesis of a boundary of unconformity can be dismissed, 
for thei'e is no evidence by which such a view can he sustained. 

For the view that a separate boundary of dislocation separates 
the southern schists from the undoubted Devonian sediments, there 
is much support. The great development of Green Schists in the- 
Start area can find no pamllel in any igneous horizon in the- 
Devonian rocks of the northern area. Wherever continuous- 
exposui’es are develoj^ed between Devonian slates and the Sfart 
Schists, the determination of a boundary-line within a few yards is 
never left in doubt. TJssher, in the memoir already quoted, devoted 
a chapter to this evidence for a boundary, and the data brought 
forward are so convincing that there is little to add to his. 
descrii^tions. . 

The principal sections which afford indications of the relations- 
of the two groups of i^ocks are the coastal and estuary exposures,, 
those of Hall Sands, Southpool Creek (particiilary the west side), 
the east and west sides of the Kingsbridge estuary, north of 
Scoble and Ilbertstow Points, and lastly the section revealed at 
Hope on the western coast. 

The Devonian slates at all these points are highly inclined, with 
a dominant cleavage-dip northwards, and the bedding near the 
junction, where it can be ascertained by the presence of siliceous 
or calcareous bands, has also a strong northward inclination. 
At the immediate junction wdiere Green Schists are present, they 
have been converted into ‘ brown rocks % owing to a secondaiy 
development of iron-oxides. This ferruginous development is 
chai'acteristic of the rocks along the whole length of the boundary- 
line, and in itself is evidence favouring dislocation. 

One of the best sections for studying the relations of the rocks 
at the boundary is that displayed on the western shore of South- 
pool Creek, near Gullet Quarry. The evidence of a dislocated 


1 Q. J. Or, S, vol. xxiv (1868) pp. 438-39. 
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junction here is very strong. This junction is seen north of tlie 
quarry in the Green Schists. The lievonian slates are altered to 
brownish iron-stained t3q3es, and the junction is marked hy an 
ironstone band hading northwards at a point close to the edge of 
the quarry plantation. 

XJssher saw fit to class the brown rocks north of this point as of 
•Green Schist tjq^e ; but I am in agreement with Miss Huisin that 
these are Ilevonian, for the typical gloss^y ph\dlite.s can be 
■distinguished in them. These brown rocks have a eloavage-dip 
northwards, whereas south of the junction the (Irecn Schists dij) 
southwards, forming a s^^ncline. 

In the section at Hall Sands the actual junction is not exposed, 
but must lie in the small valle 3 G)etween the cliifs at < Jreen straight 
and the cliffs below the chapel. The cliff at Green straight con- 
vsists of Devonian rocks which have been stained h^' iron -oxide near 
the fault, and correspond to the brown rocks in the Southpool- 
Creek section. Tliese beds dip consistenth’^ north wax'ds, and are 
followed hy the normal Devonian slates. 

Inland, on the north side of the Biekei*ton vallej’', a disused 
quarry discloses Green Schists, as Somervail first noted. It is 
•clear, as one pi’oceeds eastwards, that the boundary-line is deflected 
aiorthwards, probably by a ti'ansverse fault ; but this cannot be 
made out on the ground, owing to lack of exposures. In the 
sections noi’th of Scoble and Ilbertstow Points on the Kingsbridge 
estuary, the junction-line must lie between slates and mica-schists. 
The 1 ‘oeks affected by ferruginous solutions arc here the mica- 
!schists. 

The remaining junction-section is that exposed along the shore 
at Hope village. The junction-rocks here have been intensely' 
affected by the intrusion of quartz-veins. I^ortli of the rocky 
headland well-defined Devonian slates with a northward dipping 
cleavage crop ovit on the beach. The junction is cxposi‘d in tla^ 
headland itself : the secondary changes in this case, liowever* 
have involved, not onl^^ the Devonian strata, but the (juartz-inica- 
•schists which form the junction-beds of the southern group. The 
exact position of the junction cannot be more exactl^’^ defined, 
owing to the enormous amount of infiltrated quartz in the form 
•of veins which has involved both the Devonian rocks and the 
quartz-miea-schists. 

Summing up the evidence yielded hy^ the sections noted above, 
■one may assert that the me’tainorphic boundary is well defined. 
On the north are developed well-cleaved glossy^ slates, and on the 
■south either Green Schists or mica-schists, which are readily 
'distinguishable from the cleaved slates. Wherever sections can 
he examined, it can be shown that the rocks at the junction are 
involved to a greater or less extent in a secondary alteration 
brought about by ferruginous solutions yielding the so-called 

bi'own rocks.’ These brown rocks may intdiide both members of 
the Start group or the Devonian slates themselves. At Hope the 
junction-beds are mica- schists, and the same applies to the section 
on the Kingsbridge estuary. 
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At Southiiool Creek the junction-beds are G-reen Schists, and 
the develo]Dment of an ironstone band marks the fault-plane. The^ 
fault-zone at Hope is characterized by an abundant development, 
of quartz-veins and segregations. 

The marked distinction in petrogra]ihic character of the rocks, 
on either side of the boundary, the persistent development of' 
alteration in the rocks along the boundary, and the stiiictural 
discontinuity in the South j)ool- Creek section, lead inevitably to. 
the conclusion that the boundary-line rejiresents a plane of major 
dislocation, bringing together rocks of difEerent origin and 
markedly diferent grades of metamoiqihism. 

Taking into consideration the known direction of movement of’ 
the Armoriean folding which has affected the Devonian and 
Carboniferous rocks of the South of England, we might expect 
that the boundary of dislocation should show some evidence of a. 
northward overthrust movement corresjionding to the noi*thward 
stresses of this post- Carboniferous movement. The evidence of 
the boundary, so far as it can be interpreted, does not, however,, 
support this view. 

The direction of cleavage-dip of the Devonian slates immediately 
north of the boundary-line is uniformly northward, and there is no- 
evidence to suggest that the major fault-plane hades in a southerly 
direction. 


YII. Nature of the Metamoephism. 

The interpretation of the boundary of the Start Schists witlx 
the Devonian rocks lying on the north, as a j^lane of major dis-- 
location, raises questions of interest in regard to the age of theso. 
rocks and their metamorj)hism. It must be admitted at the 
outset that these questions, through lack of definite evidence, are 
not at present capable of complete solution. The same problem,, 
in fact, as that which has confronted investigators of the Lizard" 
area confronts the investigator here. No one has yet discovered, 
any evidence of organic remains among the sedimentary mica- 
schists of the Start area. 

Petrographically, the rocks ai*e allied in some ways to the j)re-' 
serpentine rocks of the Lizard : namely, the mica-schists and 
hornblende -schists into Avhieh the plutonic complex of the Lizard' 
is intruded. Mineralogically, the Gi'een Schists bear considerable 
resemblance to the * green beds’ of the pre- Cambrian of Scotland.. 
It is clear however that this group of rocks was involved in a 
pre-Dcvonian epoch of folding, and one during which the essential 
metamorphic features of these rocks were impressed upon them. 
In Britain, among Palaeozoic rocks, no assemblage is known having 
their petrogmphic character. In Western Norway, however, rocks, 
of this type (phy Hites, mica-schists, and gi'een schists of Cambrian, 
to Silurian age — particularly Lower and Upper Ordovician) are 
found, as in the Stavanger district and elsewhere. These rocks., 
have been subject to metamorphism during the Caledonian epoch.. 
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The problem at issue in regard to the Start Schists invcdvcs 
'the consideration of them as 

(i) Pre-Cambrian or pre-Devonian rocks which have acquired their meta- 
morphic features during the Caledonian movements ; or 

(ii) Pre-Cambrian rocks which vrere already metamorphosed prior to the 
Palaeozoic Era. 

The petrographic resemblance to the adjacent })re-serpentine 
jrocks of the Lizard suggests that the mica-schists and (Ireen 
Schists of the Start area and the Old Lizard Head Series (with 
the associated hornblende-schists) have a common origin. 

Dr. J. S. Flett Mr. J. B. Hill, in considering the ipiestion of 
the age of the Lizard group, and in reference to a possible Ordo- 
vician date, state that the north- north-westerly strike of tlai 
Lizard schists 

is very strong evidence of their pi-e-Cambrian age, for neither in Britanny, 
in South Wales, nor the South-East of Ireland, where extensive areas of those 
rocks occui*, has any reason yet been found to lead us to the belief thattlie lute 
Silurian, or Caledonian movements produced folds striking in that dire<;tion.’ ^ 

The magnitude and intensity of the folding dtiring the C^ile- 
•clonian epoch do not appear to have been great in the South of 
England, the regions of acute disturbance l.ying farther north. 
The inetamorphic effects, as revealed in the Ordovician rotjks of 
'Corn wall, where a pre-Devonian folding has been recognized, are 
(in those areas that ai’e dissociated from thermal metamorphism) 
•of no great magnitude- 

We are led to consider that the Start group of I’ocks sliould he 
added to the pre-Cambrian, in which period the nuiin meia- 
imorphism was already e:ffected. The trend of the Armorieiin 
folding, revealed in the Devonian rocks on the north, c‘orres]>on(l.s 
very closely to the west- and west- north- westerly trend of the 
iStart Schists. It appears not unlikely that the Armorican linti 
T'epi’esents a revival on an older ti-end-line of pre-Cambrian date, 
•extending from Britanny through the Channel tract, and including 
tthe isolated Start area. 

The post-Carboniferous movements which have set up slaty 
vcleavage in the Devonian rocks lying north of the Start urea can 
have efected but little mineralogical change in tlie Start rocks ; 
but the movements may well have given rise to more comjdicated 
'mechanical structures in them, especially in the mica-schist.s. 

The question of the origin of the quartz and quartz-albite veins 
in the mica-schists, and to a less extent in the Green Schists, is 
-one of some interest. The abundance of quartz- veining in the 
former might well be attributed to circulating solutioiw during 
metamorphism. Quartz- veining, moreover, is not absent from the 
Devonian rocks, and appeal's to coincide in direction with the 
•Kjleavage of these rocks. It is highly probable that the quartz- 
veining^ in the miea-sehists, as now observed, is the resultant of 
^circulating solutions during the folding movements which brought 

‘The Geology of the Lizard & Meueaffo’ Mem. Geol. Surv. 1912, p, 216. 
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.about metauiorpliism, and o£ solutions acting during the i^ost- 
Carboniferous activity, the evidence o£ which is their presence in 
the adjacent Devonian rocks. 

Quartz-albite- and albite-veins are not in£requently met with in 
the mica-schists, and TJssher showed that they are also present in 
the Devonian rocks. These can be recognized at }j)oints north 

• o£ the boundary-line (£or example, at Clannacombe, and at other 
];)laces as far as 2| miles north of the metainorphic boundary). 

The origin of these quai'tz-albite- veins is not free from 
‘ obscurity : 

(i) They may be considered as having their source in the 
epidote-albite-schists of the Start group, in which circulating 
solutions have dissolved albite formed from plagioclase during 
metamorphism, and with quaitz impregnating the adjacent mica- 
. schists as well as in the second period of movement penetrating 
the Devonian rocks on the north. They are much more abundant 
in the mica-schists than in the Green Schists, where they are rare, 
.and the more perfect schistosity of the mica-schist group is 
doubtless the reason for this. 

(ii) They may be considered as having their source in the post- 
Carboniferous intrusion of Dartmoor, and its apophyses. Although 
the Dartmoor granite shows little sign of alkaline affinities, it is 
■nevertheless undoubted that the final products of granitic magma 
.are not infrequently sodic in character. Albite-pegmatites, and 
albitites are known as dyke-rocks in association with normal 
. granites. 1 In Britain the albite-pegmatites of Leinster associated 
with Caledonian crust-movements are examples. 

The most important evidence, however, that contradicts this 
ilatter view is the absence of quartz-albite- veins in the gz-anite of 
Dai’tmoor, or in the Devonian sediments — other than those lying 
'immediately north of the Start boundary. The I'oeks of North 
Devon have not yet been found to contain quartz-albite-veins,^ 
although quartz-veining is not infrequent, nor do such appear to 
be present in the sediments bounding the Dartmoor granite on the 
south. 

We are led to the conclusion that the albite has its source in* 
the Green Schists, circulating solutions leading to a peiuneation of 
the suiTounding sediments. 

The analyses of the two petrographic types of Gi'een Schist 
occuri'ing in the Stai't area show that these rocks are indistinguish- 
able fi’om normal basalts: the resemblance is complete. These 
types were selected fz*om I’ocks free from muscovite or abundant 

• quartz. 

There can be little doubt that the true Green Schists are of 
igneous origin. Whether they are to be grouped as tufEs, lavas, 
•or intrusive sills is a question of importance. Ussher saw fit to 

* Such as those in association -with the adamellites of South Australia; 
;sce Trans. Boy. Soc. S. Austr. 1919 & 1920. 

® Dr. J. W. Evans in liU, 
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regard them as an altered series of basic igneous rocks allied to the 
diabases in composition, and possiblj" consisting in part of altered 
tuffs. It is in every way probable that the true Clreen Schists 
represent contemporaneous lava-dows, possibly associated with sills 
of dolerite. Sediments are not scarce among them, but the great 
thickness of bands of uniform composition, consisting solely of 
material of igneous origin, their persistence along the strike, and 
the undoubted tufaceous cbai-acter of beds associated with them 
are all in favour of this conclusion. The epkhdtc knots — con- 
sisting of epidote, chlorite, ealcite, and albite — whieli are foiuul at 
various points throughout the group are most satisfactorily inter- 
preted as metamorphosed amygdales. 

The rocks that have been grouped as composite rocks bave the 
undoubted character of basic ashes or tufts. Abundant (piart/. and 
white mica show their relationship to the niica-sehists, while they 
are linked to the true Green Schists in the abundance of cbhu-ite,, 
albite, and epidote. They show a variability of composition higldy 
characteristic of rocks of this class, for they pass f)\it into types 
practically free from igneous material, assuming the eharacttn* of 
the normal mica-schists. These relations can be studied, both in 
the held and within the limits of a inici*oscope-slide. 

These rocks are found in all pai’ts of the Start area, both at the 
base and at the top of the thick bands of Green Schists, and also 
intercalated within them. 

The inetamorphie features of the Start Schists are among the 
most characteristic of those of low gmdes of dynamic nieta- 
morj>hism, and the resultant rocks find a X)laco in the ‘ epi-zone ’ 
of ‘U. Grubenmann’s classification. The mica- and quartz-inica- 
schists correspond in all essentials to the group of i*ocks classified 
by Grubemnann in his ‘upper zone’ as sericitc-albite-gneisscs. 
In particular, we may note the general absence of biotite in these 
rocks, and the accompaniment of serieite by weakly colouretl 
chlorite and less abundant albite, the latter normally in intimate 
association with quartz. 

An unusual type is the porphyroblastic alhite-mxca-schist from 
Bolt Head, in which the porpliyroblasts of albite are clouded with 
carbonaceous inclusions often zonally arranged. There is clear 
evidence that these porpliyroblasts have developed tfi hUu^ in- 
cluding swarms of carbonaceous particles during growth. 

The higher grade of metamorphism represented bj?- the ]>rescnce 
of biotite, metamorphically developed from serieite and chlorite, 
as I have already noted, is never reached. ^ 

Among the true Green Schists two distinct types have been 
recognized, tlie one characterized by chlorite, and the other by 
hornblende, 

Ohlorite-epidote-albite-schists are the most chamctoristic low- 
grade dynamical ly-metainorphosed equivalents of basic igneous 

^ Exception can here be made for the beginniniT of biotite formation ween 
only in a few slides of mica- schists. This incipient development is found in 
the immediate vicinity of grains of iron-ore. 



part 2] THE METAMOKPHOSED BOCKS OP THE STABT ABEA. 197 

rocks. The convei’sion of pyroxene to chlorite, and of calcic 
plagioelase to ejiiclote, zoisite, and albite, is the normal result of 
these conditions. Among these rocks tliere is seldom reason to 
believe that chlorite is secondarily developed from liornhlendo. 

The development of chlorite at the ex^^ense of i) 3 n’oxene may 
have been early initiated, as a weathering reaction in the original 
lavas and tufts before their metaniorphism. In none of these 
rocks can any evidence of original (but now relict) minerals be 
observed, nor are there preserved original igneous textures. In 
the complete reeiystallization, following the chemical changes, 
original minerals and textures have been completely obliterated. 
A pseudoiDorpbyritic texture is not infrequentlj'" observed; but 
there is every reason to believe that this is a j^oi'phyroblastie 
texture develo^^ed during metamorphism. The best examples of 
this are the porph^u’oblastie albites in the green schists already 
described. Original ilmenite or titanomagnetite in the igneous 
rocks gives rise to titanite in tlie metamorphosed types. The 
production of chlorite from pyroxene, particularly augite, has set 
fi’ee abundant lime, 'which has appeared both as epidote and 
calcite where carbon dioxide was present. Calcite is a common 
constituent of these schists. In metamorphism under directed 
pi’essLire, it has often ciystallized in nai-roAV streams among the 
remaining minerals. Its subsequent removal by weathering gives 
(as already noticed) a pitted nnd cavernous ap^^earance to some of 
the rocks, besides accentuating their schistosity. 

Only the larger features have been preserved, such as the 
nodular masses of epidote, chlorite, calcite, and albite, which are 
here interpreted as metamorphosed ainygdales. 

In the next stage of metamorphism, hornblende largely takes 
the place of chlorite. Already in the chlorite-ej>idote-albite- 
sehists, hornblende begins to appear as fine acicular needles 
associated with chlorite or developed poikiloblastically^ within 
albite. With increasing metamorphism, hornblende increases in 
amount, and the individual ciystals themselves become larger : 
tiltimately they may appear as porx^h^'rohlasts. Koeks of this 
type are distributed throughout the area where the (jlreen Schists 
are exposed, and it is impossible to present a map showing zonal 
distribution of either type. 

The development of hornblende, of an aluminous type (as shown 
by the analj^sis), is the result doubtless of a chemical interaction 
between chlorite and calcite, or between chlorite and epidote. In 
both these reactions it is clear that additional silica is required, 
and is j^rovided by quartz. Small amoxiiits of quartz can usually be 
detected interspersed among the albite-grains of the Green Schists. 

Not infrequentty have I observed that the development of 
abundant amphibole is accompanied by a noticeable increase in 
fche lime content of the plagioelase, oligoclase, or oligoclase-albite, 
appearing with or without g^lbite. This is in accord with the 
higher grade of metamorphism, and the increasing stability of the 
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In the third type of rock, the rocks of composite oni?in, the 
minerals developed include those eluiracteristie ot tlu* ( Ji\'eu Schist s, 
and the essential minoriils of the iniea-sehists. '^Plie lowest j^rude 
of metamorphisin is represented by the (|uarlz-museovil<s<.*li]orite- 
albite types. The succeeding stage is the development of red 
garnet which (as previously noted) may reach 1/1(5 inch in 
diameter, forming idioblasts in a muscovite-chlorite ground-mass. 
This garnet is an almandine containing 5*/5 })er cent, of manganous 
ox:ide, corresponding to a spessartine content of 12-N ]>er cent. 

There is no indication that biotite lias ovi‘r been a constituent 
of these rocks, nor that chlorite has lieen se(*ondariIy derived from 
it. Almandine is the common garnet of metamorphose<l argilla- 
ceous sediments, and as such appears in rocks showing progressive 
metamorphisin after biotite has developed. This is aliundantly 
clear from the work of Mr. Gr. Barrow in the South- Mastern 
Highlands of Scotland,^ and receives eonlirmation from the zones 
of metamorphism in the Trondhijem district of Southern Korway.- 

The presence of a notable content of manganese in the metamor- 
phosed sediment appears, however, to lead to an earlier developimmt 
of garnet, with the result that the order of devidopimuit of these 
two minerals is reversed. This receives support from other regions, 
for example in the sxiessartine-hearing jibyllites of the Arclennes 
(as described by lienard), and still more recently in the Stavanger 
district of Southern Norway. In this area Prof. M. (lold- 
schinidt has shown that progressive motamorphism in the C’ambro- 
Silurian sediments has led to the development of zones (diaracderiml 
in ascending sequence by chlorite, garnet, and biotite. Analysis 
of the garnets of these rocks shows that they contain notable 
amounts of the spessartine molecule. 

The highest stage of metamorx>hism in the com})osit.e rotfks is 
that of the garnet-bearing tyjies. The source of tlie manganous 
oxide of these garnets is doubtless the sedimentary material, and 
not the part contributed by tlie igneous rocks, '’i'he garnet owes 
its development to chlorite combined with manganiferous iiuitiM’ial 
in the sediment. This is the more probable when it is con.siden‘<l 
that garnet never aj^pears in the true Gr(*en Schists rich in chlorite, 
but devoid of sedimentary detrital material* 

Hoxmblende is a i-are constituent of this type of rock, and when 
it does ajipeai', is associated with chlorita usually free fi'om 
muscovite. Its rarity here, when comjaired with its almost 
universal presence in the true Green Schists, is nottiw<u’thy. It is 
highly probable that in rocks of this composition, lioVnbleiido 
appears characteristically in a higher grade of mctainorjdnsm, and 
later than in the associated Green Schists. 

Among the minerals of igneous rocks, hornblende and muscovite 
appear to be mutually exclusive, and, while we are unable to apply 
completely the same restriction in metamorxdiosed rocks, them are 

* Proc. Geol. Assoc, vol. xxiii ( 1912) pp,^2V4™'70. 

® V. M, Goldschmidt, Vidensk. Selsk. Skriftor, No. 10 (1915) pp. 30-27, 
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indications that common hornblende and muscovite are infrequent 
associations in rocks of metaniorpliic origin. Among* those rocks 
in which hornblende and white mica are known as charactei’istic 
associates, the amphibole is in many eases a glaueopliane, or tlie 
white mica has been proved to be the sodic paragonite.^ 

With increasing metamorphism in the composite rocks of the 
Start area, garnet appears after chlorite, and takes the place of 
the hornblende in the true Green Schists. 

The mineralogical constitution of the three groups of rocks in 
equivalent grades of metamorphism [may be compared in the 
following synopsis : — 


Mica-Schists. 

Green Schists. 

Schists of coiwposite 
origin. 


Chlorite. 

Chlorite. 


Epidote. 

Muscovite. 


Albite. 

Albite. 


f Hornblende. 1 

Quartz. 

Quartz. 

\ Titanite. j 

J Epidote. h 

Muscovite. 


\ Titanite. f 

Chlorite. 



[Albite.] 

Hornblende. 

Epidote. 

Albite. 

Garnet. 


r Chlorite. 1 
\ Titanite. j 



In the succeeding stages which are not rejjreseiited in the Start 
Group, hiotite would jDresuraably appear in the mica-schists and 
composite rocks, and hornblende as a chamcteristic constituent of 
the latter class would appear still later. Evidence for this is 
supplied in the metamorphosed green beds of the Highlands, and in 
the metamorphosed sediments of the Stavanger district of Norway, 

YIII. OoMPABTSOH WITH OTHER GbEEIS’ ScHIST ArEAS. 

The classical work • of K. A. Lossen ^ on the metamorphosed 
diabases of the Eastern Harz, and of G. H. Williams*^ on the 
greenstone schists of the Lake Superior region, has led the way to 

^ See especially U. Grubenmann, ‘ XJeber einige Sobweizerisclie Glauhopbau- 
Gesteine ' Festschrift H, Rosenbasch, 1906, p, 11 ; id. ‘ Die Kristellinen 
Schiefer ’ 1910, p. 201 j T. J. Woyno, Neues Jabrb. Beilage-Baiid xxxiii (1911) 
pp. 180 et 8eqq . ; and E. Greenly, ‘ The Geology of Anglesey ’ Mem. Geol. 
Surv. vol. i (1919) p. 117. 

“ ‘ Brltiuterungen zuv Geologischen Specialkarte von Preussen &> den 
Thuringischen Staaten ^ 1882-83 (Pansfelde & Wippra sheets) j and id. Jabrb. 
K. Preuss. Geol. Landesanst. 1883, 

3 Bull. U,S. Geol. Bury. ISTo, 62, 1890. 



a clearer understanding^ of tlie clieinical and htructural chunj^^es 
attending’ the dynamic inetamurjdiism of basic igui'ous ro(jks. 
Since that time the investigations of Swiss petr<)If)gis<,s have shown 
that Green Schists are widely develoj>t‘d in the Alpine mountain- 
zones, and have clearly indicated theii* <lerivaii<m from lavas, 
intrusive sills, and associated tutT-heds. all iliesi* eases it is 
obvious tliat the typical opidote-albite-ehlorite-sehists (prasinites) 
are the most characteristic low-gnidc dynamically metamorphosed 
equivalents of basic igneous rocks. In comparing tlie Green 
Schists of the Start area with like rocks <»f other areas, it will 
sutiice, however, to refer to rocks develo])ed first in the British 
area, and to a single area from Southern ISTorway involved in the 
Caledonian fold-movements. 

(i) The Lizard Area. 

The only area of rocks in the South of Kiigland which can l>ear 
comparison with the Start district is that of the Lizard. Among 
the pre- serpentine rocks of this area are develojied mica-schists 
with intercalated tuft‘-heds, sills, and ])os.sihly lava-ilows, and the 
great group of hornblende-schists which enedose the serpentine on 
the north and south. 

The mica-schists of the Old Lizjird Head Series bear comparison 
with the Start mica-schists, while the liornbleiale-schLsts comsidered 
by Dr. J. S. Flett as originally la%'as and sills arc chemically 
identical with the Green Schists. 

The rocks of the Lizard are, however, in a higher state of 
metamorphism. The intrusion of the Man-of-War gneisses* and 
still later the serpentine, has led to the developimmt of contact- 
minerals in both types of roek.s, wherefi>re mincralogically they 
diifer notaldy from the Start Group, in which tlie miiuu-ais 
developed are those charjicteristie of the upper metamorjdne zone 
of crystalline schists. 

Apart from this divergence in the mehimoi’phie history of the 
Start and Lizard areas, the sequence of beds and similarity in 
origin of the rocks of both areas render it not improliable tluit the 
two gr<mps of rocks may be of the same ago. 

(ii) The ^ Green Beds^ of the Scottish Highlands, 

Mineralogically, the Start Green Schists and their accom|xinying 
schists of composite origin bear a close comi)aris<m with the * gmen 
beds ’ of the Highlands. The officers of the Geological Htirvey 
have seen ht to regard these rocks as being of sedhnentsiry origin, 
and produced directly from the erosion of the inox*e basic portions 
of an igneous complex.’ 

Some of these rocks arc microscopically indistinguishable from 
the seliksts of composite origin in the Start Group. The minemlo- 
gieal associations of rocks of this type should allow of their use as 

^ See espeoially Mem. Geol. Bxttr, Soot. (Sheet 37) 1905, p. 18* 
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indicator-beds in areas of progressive metamorpliism, and the 
range of metamorpliism expressed in the ‘ green beds ’ of Scotland 
provides a clearer view of the gi-ade of alteration impressed upon 
the Staa’t G-roup. This range of metamorpliism is very clearly- 
indicated in the exposures of the ‘ green beds ’ in Central Perth- 
shire, as at Aberfekly and north-east of Loch Katrine. Proceeding 
northwards, one notes that the gmde of metamorphism is gradually 
increased.! This can he very clearly recognized from a suite of 
rock- sections in the collection at the Sedgwick Museum, Cambridge. 
The order of increasing metamorphism is supplied in the following 
rocks ; — 

11935 Ohlorite-albite-schist 

[muscovite, epidote]. 

11898 Chlorite- biotite- albite- schist 
[muscovite, epidote]. 

11934 Biotite-albite- schist 
[epidote]. 

6908 Garnet-biotite-albite-sohist 
[chlorite]. 

11936 Garnet - biotite - hornblende- 

schist. 

This series illustrates very clearly two important points when 
we are considering the analogous rocks of the Start area. First, 
we may note that the appearance of hornblende is delayed, as in 
the Start Schists. It is highly probable that in the use of horn- 
blende as a zonal mineral, the presence or absence of sericite in the 
original sediment or rock must be considered. 

The second point illustrated is the order of api3earance of garnet. 
In these rocks it has followed biotite, thus conforming to the 
normal order. In the metamorphisin of basic igneous rocks 
practically free from potash, the order of development would 
appear to be chlorite — hornblende — gaimet, this garnet being an 
isomorphous mixture of grossular, pyrope, and almandine ; but, 
where a notable content of potash has been present (as in tufaceous 
types), the order is 

< biotite — ^grarnet 

(Al.) p hornblende, 
fyarnet — biotite ' 

(Sp.) 

according as the garnet is predominantly an almandine, or 
contains notable quantities of the spessartine molecule. 

(iii) The ‘Mona Complex^ of Anglesey. 

Among the pre- Cambrian rocks of Anglesey, which Lr. Greenly 
has styled the Mona C ample x,® there ai’e petrological types 
which have analogues in the Start area. The Gwna green schists 
(op. cit. p. 67) bear a close compaidson with the composite rocks 
of the Start area. The intimate mixtures of chlorite and white 

1 Mem. Geol. Surv. Sooth (Sheet 55) 1905, pp. 13, 110. 

3 ‘ The Geology of Anglesey ’ Mem. Geol. Surv. vol. i (1919). 


North-west of Bienaoreag, Loch 
Lubnaig. 

East of the head of Loch Luhnaig. 
Eastern end of Loch Katrine. 

West of Looh-na-Oraige, Ahorfeldy. 
South-east of Aberfeldy. 
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xiiica and the presence of albite among* tlic (puirfcz-grains arc 
characteristic features of both groups of rocks. The Anglesey 
rocks have been regarded as sediments containing an admixltire f)f 
volcanic dust. In a less degree the green mica-schists of the 
New Harbour Group |)resent compamblo features; hut a higher 
grade of metamorphism is indicated by the abundant green 
biotite. 

The true Green Schists of the Start area and the )>asic scliists oF 
the Gwna Grouj^ (op, cif, p. 77) are obviously rocks of .similar 
origin, and both types (the chlorite -epidote and the hornhlende- 
epidute-iilbitc-sehists) are repre.sented. The anals'ses of these 
basic Gwna Schists agree very closely with those of the Start area. 

It is, however, in the abundance of (piartz- and (piartz-alhile- 
veins in the green mica-schists, the <T\vna green schists, and the 
mica-schists of the Pemnynydd zone of metaniorphism, that the 
closest relation with similar veins in the Start Group is found, and 
their ascription to segregation processes during mciamor[)hism is 
in accord with the evidence obtained from the Start area. 

(iv) The Green Schists of Western Norway. 

The investigations of Norwegian gcologisis (mvtaldy ^'hvns 
Keusehj C. F. Kolderup, and V. M. Goldschmidt) luive shown 
that a great gi’oup of Green Schi.sts forms a zoni‘ in Western 
Noi'wa}”, extending from the vicinity of Stavencs (()! ’ JIO' hit. N.) 
south wax'ds to the Stavanger region in \vhi<*h area their 

develo]nnent has been investigated hy Goldschmidt. These ro<*ks, 
with underlying phyllites and mica-schists, are of Ordovician and 
Silurian age, and have participated in the Caledonian movenient. 
The Green Schists are for the greater part honiblendic iyptfs, and 
are entirely comparable with the hornl>Iende-(*pidote-alhite-sc}iists 
of the Start area.^ They include effusive and tufa(*<*ons types, and 
sill-intrusions in the lower phyllites. In the latter the existence 
of definite zones of metamorphism has been t‘stablish(‘d, and, as 
beaxdng on the Start Schists, it may noted that the normal 
order of (1) biotite, (2) garnet, is reversed* Analyses of these 
garnets very clearly sliow that they are not the normal ahnandine, 
but one I’icb in spessax’tine. Fui’therinore, in the inipurer tyjies of 
sediments the appearance of hoimblende is again ilelayecl. Gold* 
schmidt notes that hornblende devedops in the zone of biotite- 
garnet- schists, but only in the vicinity of intrusives. This 8e(|uence 
of events is clearly in conformity with that revealed in the 
composite lucks of the Shirt area. 

^ [Since writing the above, I have had an opportunity of Htudyin^ theso 
rocks in the field, under the ^idance of Prof. V, M* GoIdHchmidt. In 
positions remote from the area of maximum metamorphisTn, as on Bn Island 
(Buoen), of the Haastein Group, the Green Schists exhibit features identical 
with those of the Start Group, and hand-specimens of the Norwegian rocks 
are indistingtashable from the Start types.] 
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EXPLANATION OF PLATES X & XL 
Plate X. 

1. Porphyroblastic albito-epicloto-schist, Leok Cove, X 32. The con- 

stituents are" albito showing* inclusions of opidote, chlorite, horn- 
blende, and sphone. The abundant development of white mica 
associated with chlorite in parts of this rock shows that it is of 
tufacooirs origin. (See p. 184.) 

2. Ohlorite-cpidote-schist, Seacombe Sands, X 32. The constituents are 

albite, chlorite, epidoto, and sphene. Associated with the chlorite 
are prisms of fibrous amphibole. The analysis of this rock is 
tabulated on p. 183. 


Plate XI. 

Fig. 1. Porphyroblastic hornblende-schist, Prawle Point, X 32. The con- 
stituents are hornblende in porphyroblasts, albite, epidote, sphene, 
and a little chlorite. The analysis of this rock is tabulated on p. 186. 

2. Muscovite-chlorite-garnet-albite-schist, Langerstone Point, X 32. A 
schist of composite origin. The constituents are white mica, 
chlorite, almandine-spessartine, albite, quartz, and smaller amounts 
of epidote and sphene, which appear as inclusions in the garnet 
(see pp. 189-90). 


BisctrssioN. 

Dr. J. W. Evans expressed his sense of the value of the paper. 
He was especially interested in the occuiTence of albite in both the 
Green Schists and the quartz-albite-veins. * He believed that this 
was due in both cases to the effects of pressure on the soda-lime- 
fels})ars of the local igneous rocks. He thought also that the 
albitization of the igneous rocks and sedimentaries, which was 
so marked a feature of North Cornwall, had a similar origin in 
the pressure-alteration of basic rocks by which the albite of the 
plagioclase passed into solution, and ultimately modified the 
composition of other rocks. He was persuaded that the magmas 
of the alkali- or * Atlantic ’ rocks were also the result of a similar 
action under enormous pressure beneath the great continental 
shields, 

Mr. H. Dewev compared the suite of rocks described by the 
Author with the succession of volcanic rocks in Cornwall, These 
Cornish rocks include spilites, albite-diabases, minverites, and fre- 
cjuently hornbleiide-picrites, which recur in the Lower Palaeozoic, 
tlie Lower Devonian, the Upper Devonian, and the Lower Cai'- 
boiiifcrous Series. Their outstanding characteristic is albite -felspar, 
which is present in large proportions and apparently as an original 
constituent. 

The Author had remarked upon the quartz-albite veins of the 
Start area. Such veins are of geneml occurrence in Noidh Cony 
wall among the schistose Upper Devonian sediments and volcanic 
rocks. The district between Padstow and Treharwith is marked 
by an easily recognizable series in w^hieli pillow-lavas are but little 
afteoted by shearing; hut north of Treharwith the same series 



occurs in the form of schists, the pillow-lavas having been con- 
verted into actinolite-chlorite-e23idote-alhite-schists of a general 
green colour. These very frequently contain biotite. and Avere 
metamorphosed by the Bodmin-Moor granite, but otherwise 
resemble the G-reen Schists of the Start area. 

In several parts of Coriwall and Devon powerful overthrusts 
had repeated the normal succession, and these appear to have been 
influenced by the resistant granite-masses. The i)eriod of over- 
thrusting is post- Carboniferous, and may be later than the in- 
trusion of the granite. The spealrer enquired Avhether the Author 
considered tliat the Start Schists had also been ovcrthi-nst, and, if 
so, at what period. He also asked when the quartz-al])itg veins 
had inv^aded the Devonian sediments north of the Shirt vSehists. 

Dr. G. H. Flymen remarked on the close roseml^lance of the 
hornblende -epidote-albite-schists to the schists of Sark. Prof. 
Bonney & the Bev. E. Hill had noted the jDractical absence of 
olivine-bearing rocks in Sark, although Sark is otlierwise com- 
]Darable to the Lizard area, and the Author’s suggested relation of 
the Start Schists with olivine-basalts was interesting. 

The intrusion of quartz-alhite veins into the Devonian roidis 
seemed to suggest j^ost-Devonian metamorphism. If the Author 
had reason to hold this oj^inion, it might have important bearing 
on the jDeriod of inetamoiqDliism in the Channel Islands, especially 
as no metamorphxc rocks were at present known in the hasemeiit 
Cambrian conglomerate of either J ersey or Alderney. 

The Author thanked the Fellows for their kind reception of 
his paper. In rej)ly to Mr. Dewey, he stated that he felt that tlie 
exact nature of the movement along the metamor]>hic boundary, 
whether overthrusting or normal faulting, was still an o^ien question. 
The boundary evidence, so far as he was able to interpret it, did 
not support the view of overthrusting. The point raised by 
Dr. Flymen was of considerable interest. 

The albite-' and quartz-albite- veins in the Devonian sediments 
lying north of the Start Schists were, in his opinion, attributable 
to circulating solutions during the Annoi’ican folding movement in 
which the Devonian rocks were involved, the albite being drawn 
from the Green Schists immediately to the south. He wtis of 
opinion that this movement, while ^Jossibly giving rise to more 
complicated mechanical stiaictures in the Start Schists, effected 
but little mineralogical change within them. 
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I. Introbixctiok'. 

The significance of the outliers of Cretaceous and later age resting 
on the Pal 80 ozoic strata of Devon and Cornwall has been frequently 
noted, especially with reference to the evidence yielded by them of 
the extent of the great marine transgressions. The details of their 
petrology, considered in relation to their present altitude and 
geographical location, are dealt with in this communication, and an 
attempt is made to throw light on the conditions of their depo- 
sition and the source of their constituents. Lying as they do, 
around and among some of the most important igneous masses in 
the country, they may he expected to afford evidence regarding the 
stability of detrital minerals and of the source of constituents in 
sediments of the same age, hut of wider geographical distribution. 
A comparison of the petrography of these outliers with that of the 
Greensand, Eocene, and Pliocene strata farther east has therefore 
been instituted. 

These outliers in the West Country may be grouped thus : — 

Cretaceous (ITpper Greensand). 

Great Haldon Hills (Devon). 

Little Haldon Hills (Devon). 

E o c ene ( ? Bagshot). 

(?) Marazion, near Penzance (Cornwall). 

Buckland Brewer, near Bideford (Devon). 

Great Haldon Hills, 

Little Haldon Hills. 
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Oliffooene ( Aq.uitania3i ).' 

Petrockstow, near Torrington (Devon). 

Bovey Tracey and jN'ewton Abbot (Devon). 

PlioeenOu^ 

St. Ertb and Lelant (Cornwall). 

Crouza Down, near St. Keverne (Cornwall). 

St. Agnes (Cornwall), 

together with certain deposits of doubtful age (sec p. 2:23). 

The respective heights of the upi^er and lower surfaces of tlie 
deposits above Ordnance -datum are as follows : — 


Upper Surface. Lower Surface.*'^ 
Cretaceous. Feet, Feet. 

Grreat Haldon 800 on N. to 600 on S. 750 on N. to 550 on S. 

Little Haldon 600 on N. to 700 on S. 550 on N. to 600 on S. 

Eocene. 

Marazion 20 to 30 ? 0 

Buckland Brewer . approx. 260 200 

Great Haldon reaches 830 800 to 600 ** 

Little Haldon reaches 810 600 to 700 » 

Oligooene. 

Petrockstow 300 ? less tba.Ti 200 

never above 500 ? 100 or more below 

Ordnanoe-datuni 

Pliocene. 

St. Erth *... PllO P90 

belant 180 180 

Crouza Down 365 

St. Agnes. 350 to 420 ? 340 to 410 


II. Evidence of the Age oe the Deposits. 

Good general descriptions of the various dej)Osits have ])eon giv^en 
by various authors (mentioned below), and, so far as field-evidence 
IS concerned, little can usefully be added to their accounts. 

The age of the Cretaceous deposits was determined as U]>p<?r 
Greensand from their fauna, the zones recognized being those of 
Schlaenhctehia rostrata and JBecten asperJ^ The presence of 
weathered and stained flints and of derived Chalk fossils (including 
Marsiffites) in the beds of gravel capping the Haldon Hills, of 
carious and weathered flints in the g^nivels near Buckland JB rower, 


_ ^ I have followed Clement Reid, in the Geological Survey Memoir (1013), 
feri^d^to Um Miocene "'^th the Oligocene. It is now generally re- 

deposits have been dealt with recently by Mr. H. B. Milner. Notes 
on them are here inserted for completeness and for comparison. 

w ^ sagging on the slopes o£ the hills, the 

WtS f the upper and those of the lower surfaces 

4 emu ^ ^ the actual thickness of the deposits. 

‘ Thft n Britain : vol. i ’ Mem. Gqol. Surv. 1000, p. 218 ; 

Surv 1913^ Coimtry around Newton Abbot (Sheet 339)’ Mem. Gool, 
fourv. 1913, p. 93 (hereafter referred to as the ‘ Newton Abbot Memoir ’). 
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and their abundance in a rolled condition in the gravel at 
Marazion, definitely indicated the post- Cretaceous age of each of 
these deposits. In their general character, the gravels difer much 
from the Pliocene strata of Cornwall and the Oligocene of Devon, 
but tliey bear certain resemblances to some of the Eocene gravels 
of the South-East of England. Their probable age was, therefore, 
considered by Clement Keid to be Eocene.^ 

The plant-remains found in the lignites interbedded with the 
clays of the Bovey basin have established the age of the deposits as 
Oligocene (Aquitanian).^ They had been considered, however, to 
be Middle Eocene, like the Bournemouth leaf -beds, by J. Starkie 
Gardner, and were formerly referred to the Miocene when the 
Aquitanian stage formed imrt of that formation in the classi- 
fication of Continental authors. 

The lignitic clays and sands filling the Petroekstow basin are 
similar in many respects to the Bovey deposits, ^ and are, therefore, 
tentatively considered to he of the same age. 

Of the Pliocene deposits, those of St. Erth carry a fauna which 
is considered by the majority of workers to date them as Pliocene, 
the exact horizon being a matter of opinion.^ The remani6 blocks 
of red sandstone around Lelant are similar in general characters to 
the red sands at St. Erth. The sediments lying on the ‘ 400-foot 
platform ’ of Cornwall at Crouza Down and St. Agnes have been 
referred to the Pliocene age, on account of their position and general 
resemblance to some of the strata at St. Erth. The arguments for 
the Pliocene or pre-Pliocene age of the 400-foot platform are too 
well-known to need recapitulation here.^ 

All the samples examined were collected hy me j)®rsonally. 
They were chosen, so far as might he, from every deposit exposed, 
and selected to be as representative as x^ossible, in regard both to 
vertical succession and to lateral distribution. In order to save 
sjmce, the individual occurrences of minerals in each sample have 
not been enumerated, but a summary table of occurrences for each 
formation is given on p. 226. 

III. Petrogbapha^ 

(1) The Cretaceous Deposits. 

Earlier workers saw more complete sections of tKe Cretaceous 
rocks than those visible on my various visits since 1912. The 
lowermost beds recorded by H. J. Lowe, A. J. Jukes-Browne, 
and Clement Keid have been obscured, and have therefore not 

^ Newton Abbot Memoir, p. 102. ® Ibid. p. 106. 

3 W. E. A- TJssber, Q. J. G. S. vol. xxxiv (1878) p. 457 j Trans. Devon. 

Assoc, vol. xi (1879) p. 442. . „ 

4 P. P. Kendall B. G. Bell, Q. J. G. S. vol. xlii (1886) p. 201 ; A. Bell, 
Trans. Boy. Geol. Soc. Cornwall, vol. xii (1898) p. 133; B. B. Newton, Jonrn. 
Conch, vol. XV (1916) p. 66; and C. Reid, ‘Pliocene Deposits of Britain’ 
Mem. Geol, Surv. 1890. 

5 H. Dewey, Q. J. G, S. vol. Ixxii (1916-17) p. 63. 
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been examined petrologically. The most complete section, which 
is* j)erhaps typical, despite the fact that the beds are rather 
variable, is that exposed in the G-oyle, south-west of Woodlands 
and north of the Racecourse, on the Great Haldon Hills. ^ 

On the Little Haldon Hills the best section at present visible is 
that in Smallacombe Goyle on the eastern flank. The base of the 
deposit is not reached, but a greater thickness of beds is seen than 
on the Great Haldon. The section recorded by Mr. H. J. Lowe in 
1899 is reproduced briefly below ; but, at the present time, only the 
upper portion of Bed o and the succeeding beds are visible : — 

ThicJc7iess in 


feet. 

1. Sucface-soil and flint-gravel 7 to 9 

2. Sharp coarse yellow sand, containing large irregular 

masses of chert 30 

3. Brownish sand without chert 15 

4. Rather coarse hrownish greensand, with large grains of 

glauconite, including some lenticular seams of white sand. 7 

5. Denser and greener sand with lumps of cherty stone, 

curcent-hedded and showing some layers of darker green, 
owing to the preponderance of glauconite-grains ; passing 
down into glauconite- sand containing flattish lumps of 
glauconite- sandstone 40 


Certain of the sandy beds, notably those containing glauconite, 
are moderately graded, but the majority of the deposits show little 
evidence of sortjing. 

Mechanical analyses of numerous samples were made, using 
single-vessel elutriators (a separate vessel for each grade). Some 
typical results, chosen to show the variation in composition, are 
represented graphically in fig. 1 (p. 209). 

The minerals recognized in the Cretaceous deposits are 
enumerated in the table on p. 226. 

The residue of density greater than 2*8 is abundant in all samples, 
and is either black and lustrous as a result of the great quantity of 
schorl present, or deep green from the abundance of glauconite. 

In the following notes, the mineral order adopted is approxi- 
mately that of relative abundance. 

Tourmaline (schorl) usually constitutes the bulk of the 
residue. The gmins are of all sizes up to 0*3 mm. in diameter, but 
are generally many times lai’ger than the other heavy detxitstl 
minerals. The miiiei'al occurs in irregular fragments, stumpy 
prisms, networks of needles, or spheincallj^ radiating fibres. It 
displays a wonderful range of colour, among the varieties seen being 
gxej, yellow, brown, pink, blue, green, and purple. Most of the 
grams show^ the strong absorption characteristic of tourmaline. A 
lew approximately basal flakes occur, and among these nearly 
triangular, zoned crystals have been noted. 

In many samples, muscovite is, after tourmaline, the most 
abundant heavy mineral ; in others glauconite. The muscovite is 

^ Newton Abbot Memoir, p, 94, 
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always biaxial, and is sometimes full of inclusions. Hexagonal 
flakes occasionally occur. 

Glauconite occurs as deep-green irregular or mammilla ted 
grains, or as casts of foraminifera. Very fine examples, 0*5 to 
0*6 mm. in diameter, are seen in samples of sand from the 
northern end of the Great Haldon Hills. 

Zircon is present in all samples, and occurs both in rounded 
grains, and as crystals with well-developed faces. Erownish 
grains resembling zircon in form may be xenotime. 

Hu tile is not so abundant, but the foxy-red variety is often 
present. The yellow variety is less plentiful. 



Yellow tabular anatase is occasionally seen, and the indigo-blue 
v^iriety of the mineral occurs as flat tablets on the basal plane, which 
is bevelled and truncated by the first- and second- order pyramids. 
Pyramidal grains also occur. 

Andalusite, in clear glassy grains, sometimes prismatic and 
showing blood-red or pink pleoehroism, is frequently present. 
Grains dusky with inclusions have been noted only occasionally. 

Hyanite, which occurs in the well-known tabular grains with 
cross-cleavage, is on the whole rather uncommon, but is abundant 
at certain horizons. It is never so plentiful as in the Pliocene 
deposits of St. Erth. 
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Staurolite is frequently met with, and in some sainides is 
extremely abundant. The grains are often large (0*2 iinu. to 
0*3 mm. in diameter) and irregular in shape, but never i-agged 
like many of those described from the neig'hbouriiig Trias. ^ They 
are delicately pleochroic in golden yellows, and usually show tlie 
emergence of a single optie axis. 

When topaz occurs (as in certain samples from SmalIacom])e 
Goyle), it is often plentiful, and the grains are of large size, 
irregular form, clear and glassy. When the shape of the grains is 
determined by the basal cleavage on which the grains lie, tliey 
yield a biaxial directions-image, the emergences of the optie axc‘s 
being usually on the edges oif the field, owing to the wi<le o]jtie 
axial angle. Frequently, however, the grains do not lie on the 
basal plane, but are chips or wedge-shaped fragments approximating 
to that form (see fig. 3, p. 214). Then they yield a 2 >artial figure, 
but not the emergence of a single optic axis. The high refractive 
index, low birefringence, and positive sign serve to confirm tlie 
identification. In certain cases the giuins are full of dusky 
inclusions. 

The clear and non-pleochroic andalusite bears some resem- 
blance at first sight to topaz, but it may be distinguished ]>y tlie 
negative sign, the greater fraying of its edges, the inclusions, etc. 
Although its average refractive index is higher than that of topaz, 
more light rays are reflected from the edges of the topaz-grains, 
because these edges are almost perpendicular to the glass slip. 
The fainter borders of the andalusite can be shown by 'focussing 
to be due to the wedge-shaped edge of the grains. 

Of the iron-ores, magnetite is absent, and ilmcnite is, on 
the whole, rare. The latter mineral is either black and lustrous, 
or altered to limonite and leucoxene. 

Brookite occurs in several samples. The grains an^ small and 
flat, and not bounded by crystal-faces. The colour is from brownish 
to that of straw, but the chamcteristic basal striation is fre({uently 
absent. The grains display excellently the tyiiicjil disjicrsioii ; they 
.do not extinguish completely, and are uniaxial for green ligiit. 

Corundum is a rare constituent. When present it i.s recog- 
nized by its relatively high refmetive index, its form (usually flat 
and, hexagonal in grains resting on the basal pinacoid), and its 
patchy ‘ royal-blue ’ colour. In pidsmatic grains it is pleochroic 

Particoloured red and yellow eassitcrite has also been 
observed. 

Garnet has been noted, but very seldom, and then as soUhiry 
grams, which are generally colourless or faintly pink. TheV 
isotropic, or, rai'ely, are anomalously birefringent. 

Chert in grains showing aggregate polarization of chalccdonic 
type IS not uncommon. 

Among those minei*als that are abundant in the rocks of llevon 


1 H. H, Thomas, Q. J. a.S. vol. Ixv (1900) p. 234. 
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and Cornwall, but absent (so far as my observation goes) ^ in the 
Greensand of the Haldons, are amphiboles (hornblende, actinolite), 
l^yroxenes, biotite, clilorite, and epidoto. 

Ill siiiiiniarizing the petrological characters of the Greensand of 
the district, it may be said that — 

(1) The heavy detrital minerals are coarse in grain and abundant in 

quantity. 

( 2 ) No important and systematie variation in quantity or character of the 

residue is noted, either laterally over the small area covered, or 

vertically through the very different lithological divisions. 

(3) Tourmaline of all tints, shapes, and sizes is by far the commonest 

constituent. 

(4) Muscovite, and occasionally glauconite, is very abundant, occurring in 

large grains. 

(5) Andalusite (mainly pleochroic) and staurolite are exceedingly plentiful. 

Topaz is rather less abundant. 

(6) Kyanite occurs, but is rather irregular in its distribution. It is in 

some oases very abundant ; in others it is rare. 

(7) Garnet is extremely rare or absent. 

(8) Magnetite is absent, and ilmenite often rare. 

(9) Amphiboles, pyroxenes, biotite, and chlorite appear to be absent. 

Of the minerals enumerated above, the subordinate importance 
of magnetite is general in sediments, and possibly also in many 
igneous rocks. ^ The rarity of ilmenite is noticed again on p. 223. 
The rarity of garnets, a feature which the Cretaceous System of the 
West Country shares with the Eocene, Oligocene, and Pliocene (see 
hi ter, p. 221), is noteworthy and very difficult to explain in view of 
the abundance of garnet in the rocks of Devon and Cornwall (for 
instance, in the Lizard schists), in inetainorphie aureoles round the 
granites, and in contact-rocks near dykes and other intrusions, etc. 
The difficulties are not decreased when it is remembered that the 
mineral is abundant in Britanny, where it is associated with 
staurolite, tourmaline, and other stress-minerals. 

Zircon and rutile are widespread in sediments, and are of little 
determinative value as regards source of constituents. The origin 
of the large quantities of rutile in sedimentary rocks is at present 
unexplained. 

Anatase and brookite are interesting mineralogical curiosities, 
but their wayward incoming and disappearance also supports the 
view that they have little or no determinative value. 

Tourmaline, muscovite, andalusite, and topaz occur abundantly 
in the Dartmoor and Cornish granites and other aureoles. The 
pi’esence of these minerals in large quantities in the sediments 
here described might, therefore, be expected. On genei-al evidence, 
such as the presence of pseudostratification indicated by the por- 
phyritic felspars, etc. of the uppermost layers of granite, it is 

* Although it is always dangerous to reason from the absence of certain 
minerals, the arguments are frequently not vitiated if the expression ‘ of great 
rarity* be substituted for * absence*. 

® See, for example, B. H. Bastall & W. H, Wilcookson, Q. J. G. S. vol. Ixxi 
(1915-17) p, G20, table, 
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considered that the mass of Dartmoor has suffered relatively little 
denudation, and that it was probably first exposed only in Tertiary 
times. 

Corundum and staurolite have both been observed in Devon and 
Cornwall as produced by the alteration of argillaceous sediments by 
dyke-rocks'^; but, while such occurrences would bo sufficient to 
account for the rare presence of corundum in the Cretaceous (and 
also Eocene), the quantity of staurolite in the Cretaceous deposits 
is far too great to be explained thus. A staurolite-bearing series ot* 
metamorphic rocks such as those in Britanny could alone aeeoiint 
for the quantity observed in the Creensands. In short, as 
Dr. H. H. Thomas deduced in the ease of the staurolite in the New 
Bed rocks of Devon, ^ we must turn to Britanny or a ])art of the 
old ‘Armorica ’ now submerged beneath the waters of the English 
Channel for the source of this mineral. It is noteworthy that, 
while clear, glassy, pleochi'oie andalusite is very abundant, the 
variety dusky with inclusions which is so commonly fcnind around 
Dartmoor is only met with occasional!}". A Cornish origin for 
some, at any rate, of the clear grains is adumbrated. 

Kyanite also is not indigenous to the West Country. Although 
the mineral is not abundant in the Upper Greensand of Haldon 
(being by no means so plentiful as in the Lower Greensand over 
its whole outcrop throughout England), its presence can be 
explained only on the assumption of currents from an ex*ira- 
British land-area lying on the south-west. 

The absence of biotite, hornblende, pyroxene, etc., may ho 
correlated with the rarity of garnets ; or, as seems more ])roha].)lo, 
may be due to the decomposition of these minerals either before or 
after the deposition of the Cretaceous sediments. 

Despite the proximity of granite containing orthoela.se and 
oligoclase, felspars are usually absent from the Crotacec^us deposits. 
Only calc-alkali felspars of avemge refractive index /Xj, 
referable to oligoclase, are found, and those but rarely. 

(2) The Eocene Deposits. 

Marazion. — The evidence for the supposed Eocene age of the 
gravels, clays, and sands occurring betw^n Mamzion and Penzance 
(probably connected with the north-and-south through- valley) 
has been given in detail by Clement Beid.^ The gravelly material 
occurs at about 20 to 30 feet above Oixlnance-datum, and consists 
of brown-weathered flints, fragments of Greensand chert, local 
Palaeozoic rocks, etc., embedded in sand or loam. Beid hazarded 
the opinion that the matrix (which he con>sidered was not the 

I H. a. Smith, Q. J. a. S. vol. Ixxii (1916-17) p. 77; J. Parkinson, ibid. 
vol. lix (1903) p. 408. 

® H. H. Thomas, ibid, vol. Iviii (1902) p. 630. 

® Q.J, Q-. S. vol. lx (1904) p. 113, and ‘Land’s End (Sheets 351 & 358)’ 
Mem. Geol. Snry, 1907, p. 68, ^ 
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original matrix) ‘ probably forms part of tbe raised beach which 
fringes Mount’s Bay 

The minerals identified are enumemted in the table on p. 226. 

On the whole, this is a richer assemblage than that of either 
the Eocene or the Cretaceous of Devon, and would appear to be 
in the main locally derived. Kyanite and staurolite are less 
abundant than in the Pliocene and Cretaceous deposits. G-arnets, 
both colourless and pink, are not uncommon, and, in addition to 
the minerals obtained from the granite areas (andalusite being 
very abundant) and the Armorican land-mass, we have horn- 
blende, serpentine, and epidote. These last-mentioned minerals 
were probably derived from the rocks of the Lizard, or from 
that direction. 

Examination of the recent beach-sand from Marazion shows 
that the mineral assemblage is less rich, and the detrital minerals 
rather coarser, than in the deposit above described. There are 
also differences in composition, but these do not appear to be 
essential. In short, the beach-sand might well have been derived 
from the Marazion gravel. The petrological evidence bearing on 
the possible Eocene age of the matrix of the gravel is inconclusive. 

Buckland Brewer, near Bi deford. — Loamy deposits and 
red sands containing Chalk-flints have been described fi'om near 
Orleigh Court, Buckland Brewer (North Devon). The deposits 
lie at approximately 260 feet above Ordnance-datum, and are of 
no great thickness. They rest upon Devonian slates, and can now 
be observed only in sand-pits in the Bookery and in roadside and 
hedgerow sections. The flints contained in the loam and sand 
.are weathered to a brown and carious condition. In general 
characters, the mixture resembles certain of the Eocene and 
Pliocene deposits farther east, or in places even the * Clay-with- 
Elints 

After the clay has been washed o:E and the material sifted, the 
coarse portion (greater than 1 mm. in diameter) is found to 
consist of fi-agments of gi*ey slate (the local rock), flint-chips, 
jasper, and grains of transparent, white, and pink quartz, many of 
the last-named being rounded. The finer material is highly 
limonitic, and had to be cleared by boiling with dilute hydrochloric 
acid before separation in heavy liquids. 

The minerals recognized are enumerated in the table on p. 226. 

Tourmaline is by far the most abundant numeral, the grains 
averaging 0*2 to O'S mm. in diameter. Blue crystals as well as 
brown occur, and one grain was observed, consisting evidently of 
two united crystals of different orientation, such that it yielded 
its own interference-tints without an analyser. 

Andalusite is also abundant, and occurs in clear pleochroio 
grains showing subconohoidal fracture and few inclusions. 

Topaz in large irregular grains is not uncommon. 

Staurolite and kyanite are both rare, only a single grain of 
the latter having been observed. 

Q. J. G. S. No. 314. 
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Monazite occurs rarely in grains of the usual form. The 
identitication of this mineral was confirmed spectroscopically. 

Grarnet is also rare, a single grain, 0*08 mm. in diameter, 
having alone been found. 

Quartz occurs, either as large rounded grains (1 mm. or more 
in diameter), or in small angular chips (0T5 mm. in diameter). 

All the minerals enumerated above (with the exception of the 
rare staurolite and kyanite, which may have been obtained from 
the Greensand) could have arisen from the erosion of the Dart- 
moor or Bodmin granite-masses. 

The Haldon Hills. — Capping the flat-topped hills of Great 
and X/ittle Haldon are beds of coarse gravel with a grey, yellow, or 
brown matrix, and occasional seams of sand and mealy clay. As 
Clement Heid (who described these deposits and suggested for 
them an Eocene age)^ pointed out, they reach the top of the 
Haldons, approximately 800 feet above Ordnance-datum, but are 
subject to sagging round the edge. There is no evidence, however, 
that they descend into neighbouring valleys, and they are probably 
not more than 30 or 40 feet thick. The bulk of the gravel 
consists of large well-weathered Chalk-flints ; but Greensand chert 
and fragments of Palaeozoic rocks also occur. The wide extent of 
the gravels and the immense amount of flint contained in them 
gives some indication of the huge quantity of chalk which has 
disappeared. 

Derived Upper Chalk fossils such as JEoTiinoGorys are found. 
The deiDOsits are thus Tertiary in age, and, on account of their 
position and general similarity to certain gravels of Bagshot age, 
they have been referred to the Eocene. 

Clay is more prevalent than sand in 'the matrix of the gravels, 
and is clearly derived from the decomposition of felspar yielded by 
the granite farther west. The matrix is greyish to yellow or 
brown when ironstained. The sands are often clayey, and are 
badly graded, as the accompanying graphical representation of the 
results of mechanical analyses indicates (fig. 2, p. 214). 

The mineral assemblage is an interesting one, as indicated in the 
table on p. 226. 

The heavy residue is usually large in quantity, and presents- 
a lustrous black appeamnce due to the large proportion of schorl 
j)resent. Small local differences in the relative proportions of the 
minerals present have been noted, but all the deposits are of the 
same general type. The detrital minerals are poorly graded, topaz, 
and tourmaline being very lai-ge (see fig. 3, p. 214). 

Tourmaline is exceedingly abundant, and is found in grains 
of all colours, shapes, and sizes. Small prismatic crystals are 
abundant, many being fluted. 

Topaz is, on the whole, very plentiful. It occurs in large. 


q2 


^ JS’ewton Abbot Memoir, p. 102. 
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colourless, glassy grains, 0*2 to 0*4 mm. in diameter : that is, 
considerably larger in size than the grains of most other minerals. 

Staurolite is by no means plentiful. The grains are not 
ragged at the edges, and do not exhibit the prismatic and pina- 
coidal cleavage. 

Pleochroic andalusite is rare at several localities, but on the 
whole is moderately abundant. Grains full of stony inclusions 
{? broken chiastolite) have also been found. 

Kyanite is either rare or absent. The records of epidote, 
■common hornblende, and chlorite are from single grains. 

Garnet is again very rare, a solitaiy gmin having been noted. 

Aiiatase is not uncommon in certain localities. The variety 
observed was indigo-blue, and crystallized in flat tabular crystals 
with a small development of the pyramid faces. 

Pig. 4. — ILexago7ial grains of corundum in Eocene deposits. 

X 60 diameter's. 



a T) 


[4 a is from Great Haldon, western side ; 4 6 from Little Haldon 
south-eastern end,] * 

Corundum is persistent in its occurrence as hexagonal gmins, 
determined probably by the basal parting (see fig. 4). The 
* royal-blue ’ colour is patchy, the refractive index high, and the 
grains give a negative uniaxial figure. 

Prom the foregoing notes it is clear that there are many points 
-of similarity between the residues of the deposits from Buckland 
Brewer and the Haldons, but that the Marazion residue is richer 
and of mther different type. We may, moreover, rule out the 
Marazion material, on general grounds (p. 213), as not likely to be 
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J^r6 Eocsn©. ^ So far as the petrology is concerned, however, the 
Eocene deposits of localities so far apart as Mount’s Bay and the 
Haldon Hills might conceivably be very di:&'erent. 

It is satisfactory, nevertheless, to note that the petrology of 
the Horth Devon outlier resembles that of the Eocene material 
from the Haldon Hills. Corundum is more plentiful in the latter, 
and monazite in the former ; but no important difference in the 
mineral assemblages was observed. 

(3) The Oligocene (Aquitanian) Deposits. 

When we turn to the two basins of lignitic clays and sands, the 
one near Torrington, and the other between Bovey Tracey and 
Hewton Abbot, we observe notable differences in lithology and 
petrology from the deposits previously described. 

Bovey Beds. — ^The Bovey deposits are well known, and have 
an extensive literature. They rest upon Devonian, Culm, and 
Permian rocks. In altitude they never rise to more than 
500 feet above Ordnance-datum, and they have not been bot- 
tomed, although a depth of 500 feet has been proved. Clement 
Held considered, too, that at least another 400 feet had been 
removed by denudation. The basin would thus originally have 
been over 1000 feet deep. The beds occupy at present a lozenge- 
shaped area, about 9 miles long and 4 miles broad, and they vary 
eonsidei'ably in lithology, from fine-grained fire-clays to coarse 
gravels. In some of the gravelly • and sandy sti-eaks, schorl 
constitutes as much as 25 per cent. The results of the mechanical^ 
analyses (see fig. 5, p. 219) serve to emphasize this vai'iation, and 
indicate, moreover, the incomplete character of the grading of the 
deposits, the bulk of which are unsorted clayey sands. Marine 
action or even prolonged river-action would have resulted in a 
certain amount of sorting, and a separation into sands and 
kaolin-bearing clays. The materials as they are found, however, 
indicate deposition of various grades, coarse and fine, resulting 
from the sudden arrest of streams of detritus-laden water as it 
entered a lake-basin practically free from currents. Only the 
proximity of an area of kaolinized and tourmalinized gi’anite 
could have given rise to such sediments. 

The heavy detrital minerals identified are enumerated on p. 226* 

The quantity of heavy minerals in the different samples varies 
considerably, being at times far below O’Ol per cent. Where the 
proportion of the residue is considerable, schorl constitutes the 
bulk. Other minerals rarely occur in quantity. The relative 
proportion of the va'rious species present does not appear to vary 
from Bovey to Newton Abbot. 

The assemblage is actually far less idch and more restricted 
than the list of minerals might suggest. The only commoirly- 
occurring minerals are the iron-ores, zircon, rutile, and tourmaline,, 
an assemblage without definite character. 
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Tourmaline is exceedingly abundant. It is present in all 
tints, and usually in large grains (0‘2 to 0*3 mm.), mostly irregular 
in form. One flat hexagonal blue crystal, resting on the well- 
developed basal plane, was observed. In certain ‘ pay-strealis 
as noted above, the mineral forms as much as 25 per cent, of the 
sand or gravel. Equidimensional grains as well as needles of 
blue- tourmaline occur frequently in these sediments, as in the 
Cretaceous and Eocene deposits described above. 

Staurolite is, on the whole, not common, and the grains are 
always small. They may have been derived locally from other 
staurolite-bearing sediments, such as the Greensand. 

Glauconite is uncommon, and is certainly detrital, its source 
being doubtless the marine Cretaceous deposits. 

Andalusite occasionally occurs, the grains being either clear 
and. pleochroic, or full of inclusions. In the latter case, the 
variety should probably be termed chiastolite. The record, 
however, of ‘ chiastolite ’ in the table on p. 226 refers to the 
discovery of seveml excellent crystals showing the well-known 
cross due to inclusions. Two of these are illustrated in figs. 6 a 
& 6 5, p. 220. 

Topaz rarely occurs. Of tinstone several records have been 
made. Hornblende, epidote, and garnet are recorded from 
single grains. 

Anatase, as might be expected, is not uncommon in these 
clayey beds, indigo '•blue, yellow, and grey crystals having been 
noted. The ilmenite pi^esent is frequently altered to leucoxene. 

Very large quantities of limonite occur. Most of the grains 
result from the decomposition of the schorl, and many are doubtless 
schorl-grains coated with limonite. The blue grains appear to be 
more easily attacked. If this is the ease, it may help to explain 
the preponderance of brown crystals of tourmaline in sediments of 
various ages. 

Kyanite has not been observed. 

The mineral assemblage described above is thus far from rich, 
.and could have been derived piuctically entirely from local dei>osits. 
The small staurolifce- and glauconite-gmins may have been obttiined 
fi'om the Cretaceous deposits of the Haldons, or from beds of the 
same age now removed by denudation. 

Some of the andalusite and the topaz may have passed through 
. a cycle of erosion and sedimentation, and thus have been derived 
from older sediments, such as the Eocene and Cretaceous ; Dart- 
moor would supply the rest. Of the ability of these minerals to 
wij^stand such treatment, however, we have at present no proof. 

The occurrence of chiastolite showing the typical ‘ made ’ 
character is unusual in British sediments,' and is confined, so 
lar as pr^ent 3*ecords go, to the Bovey deposits and neighbouring 
gravels (Riddaford). It is noteworthy that this variety of the 
mineral occurs commonly in the Dartmoor aureole.^ 

\Xt occurs also, of course, in the country of the Rohans in Britanny, hence 
i/ueir armorial bearing’s. 
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Petrockstow Basin. — These deposits occur in a basin-like 
•area about 300 feet above Ordnance-datum, round which the 
Biver Torridge at present follows a curious course. The basin 
has been piwed to a depth of 100 feet, but it has not been 
bottomed. 

The deposits are similar in general characters to those at Bovey, 
but clays are more prevalent. ^ Bemarkable superfine sands also 
‘Occur, and the lignite impregnates the clay to a greater extent 
than in the Bovey Basin, and is not found in such well-defined 
beds. The two basins were clearly filled in a similar manner 



with detritus resulting from the rapid denudation of granite- 
'Country. Although the Petrockstow basin rests upon Devonian 
rocks, and is farther from Dartmoor, its materials' are not 
•essentdally diferent from those of Bovey. They . are equally 
poorly graded, as the graphical representation of mechanical 
analyses in fig. o indicates. 

The minerals identified in the sands and clays are included in 
the table on p. 226, 

The heavy residues are both small in amount (less than 0^01 per 

Chexuical analyses of three of these clays are given in the ‘ Summary of 
Progress ’ of the Geological Survey for 1909 (1910) p. 59 ; see also W. A. E. 
Usaher, Q. J. G. S. vol. xmdv (1878) p, 457, and Trans. Devon- Assoc- vol. ri 
<1879) p. 4^3. 
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cent.) and fine in grain (average diameter 0*05 mm.). Moreover, 
the assemblage is very restricted, and consists of stable minerals. 
Hornblende, epidote, and andalusite are records of single grains. 
Topaz is also uncommon. 

Staurolite occurs in grains of diameter 0'06 mm. to 0*2 mm. 
One grain was notably ragged. 

Glauconite occurs in grains up to 0*5 mm. in diameter, and as 
foraminiferal casts. It is obviously derivative from some older 
(probably Cretaceous) dei3osit. 

The extremely local character of the above assemblage of 
minerals is again noteworthy. Glauconite and, possibly, staurolite 
seem to have been derived from other sediments, kyanite and 
garnet are absent, and pleochroic andalusite is rare. The 
minerals might almost have been obtained exclusively from the 
Dartmoor granite, and the similarity to those of the Bovey Beds 
needs no emphasis. Indeed, the assemblage is even ^Doorer in, 
species and of more restricted derivation. 


Fig. 6- — CTiiastolite-grains, X 100 diameters. 



a h 


[6 a is from tbe Olig-ooene Bovey Beds, Heathfield ; 6 & is from gravel 
at Biddaford, of doubtful age.] 

The Cretaceous, Eocene, and Oligocene outliers thus yield: 
evidence from their petrography of the progressive restriction, 
of the area of rocks from which they were derived. The Cre- 
taceous deposits are marine, often well-sorted, and contain far- 
travelled minerals foreign to Devon and Cornwall, as well as local 
varieties. The Eocene deposits are probably fluviatile, not well- 
graded, and possibly contain some Cornish detritus, but few 
‘ foreign ’ minerals. The Oligocene deposits are lake-like in 
occurrence, badly graded, and of restiicted and entirely local 
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(4<) The Pliocene Deposits. 

So far as our present knowledge goes, the Pliocene deposits are' 
confined to Cornwall. Certain high-level gravels in Devon may 
he Pliocene, but their age has not yet been established. 

The deposits occurring at St. Erth, Lelant, Crouza Down (St.- 
Keverne), and St. Agnes are now generally accepted as of Pliocene- 
age (see p. 207). That at Polcrebo is doubtful. Dr. H. H. 
Thomas has briefly recorded some of the minerals in the St. Agnes 
sands.i 

The petrology of these deposits has been worked out in detail 
recently by Mr. H. P. Milner.^ It is not proposed here to do- 
more than summarize the characters that they display. 

The minerals which I have identified are indicated in the table- 
on p. 226. 

The variety of minerals in the Pliocene deposits is striking,, 
although of those recorded, garnet, phlogopite, and epidote are 
rare. Tourmaline and topaz are exceedingly abundant ; and 
andalusite (while plentiful) is subordinate to kyanite at St. Erth, 
but is more abundant elsewhere. The distribution of kyanite 
varies somewhat. At St. Erth and on certain hoi'izons at St. Agnes 
it is very plentiful. On other hoi'izons at St. Agnes it is uncommon ; 
at Crouza Down, where the minerals seem to be of more local origin, 
it appears to be absent. 

The absence or rarity of certain locally-occurring minerals (such 
as pyroxenes, amphiboles, biotite, chlorite, epidote, and garnet) is 
noteworthy. 

That the deposits are, on the whole, sorted more thoroughly 
than those of Oligocene and Eocene age is shown by the 
mechanical analyses graphically represented in fig. 7 (p. 222). 

It is obvious that the progressive restriction of drainage-area 
and consequent impoverishment in the mineral assemblage that 
was characteristic of the Cretaceous, Eocene, and Oligocene- 
deposits ceased, and indeed was actually reversed in Pliocene 
times. The Pliocene deposits are marine and glauconitic ; they 
mark a widespread submergence, as demonstrated by the fauna 
of the blue clay at St. Erth, and they carry a rich assemblage of 
minerals derived in all probability from various sources. Kyanite 
and staurolite are again, on the whole, abundant. Ko older 
sedimentary rocks in Cornwall could have yielded them ; ta 
account for their presence, recourse must be had once more to 
the old Armoi'ican land-mass. 

The absence or rarity of garnets in the Pliocene, as in the 
other Tertiary and Ci'etaceous deposits of Devon and Cornwall, 
requires explanation, especially in view of their abundance in the 
Permian and Triassic rocks of Devon. Their absence may be due 
to one (or both) of two causes : (1) decomposition of the mineral 

^ ‘ The O-eology of the Country near Newquay (Sheet 346) Mem. Q-eol. 
Surv. 1906, p. 62. 



^ Cumulative percentage weights 
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before or after deposition, and (2) derivation of the sediment 
from non-garnetiferous rocks. In the event of garnetiferous rocks 
occurring locally, a third explanation might be added — the sub- 
mergence of such rocks beneath the waters in which the sediments 
in question were being laid down. 

With regard to (1), if decomposition were the cause of absence 
or rarity, intermediate stages of pai^tly-decomposed garnet should 
he found. However, such examples are notably absent, and the 
rare occurrences are those of clear fresh mineral fragments. Since 
rocks containing abundant garnets occur locally, we are left with 

Fig. 7. — Graphical representation of typical mechanical 
analyses of the J^liocene deposits. 





Grade -Sfees (diameter in millimotrcs) 


the alternatives, either that they were submerged, or that the 
detritus-bearing currents avoided them. In view of the fact that 
the Pliocene materials lying on the 400-foot platform are of 
shallow-water and even shore-line and wind-drifted character,! 
it is improbable that a subsidence of more than 500 feet below 
the present level took place. Such a subsidence would be even 
now^ insuiRcient by hundreds of feet to submei'ge the garnet- 
bearing metamoi’phic aureoles and granite-masses of, for example* 
Hodmm Moor or Dartmoor. ISTor would a subsidence of 600 feet 

^dnerals are well-rounded at St, Ertb, and especially so at 
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(an amomit actually too great, in view o£ the character of the 
St. Erth inollusca) submerge many areas of garnetiferous rocks. 
Moreover, it is only reasonable to suppose that in Pliocene times 
a greater area of the gmnite would have been covered by contact- 
rooks, for denudation had not then reduced the aureole to its present 
extent ; and thus the area of garnetiferous rocks above sea-level 
would have been greater still. Consequently, the problem of 
the rarity or absence of garnets in the Cretaceous and Tertiary 
sediments of Devon and Cornwall remains unsolved. 

(5) Deposits of Doubtful Age. 

G-ravel near Piddaford Water, Bovey. — In the course 
of discussing the results of the investigation detailed above, my 
attention was drawn by Mr. H. Dewey to a patch of gravel, 
lying about a quarter of a mile north of Piddaford Water, and 
east of the small valley.^ A plateau-like area occurs here at 
about 400 to 430 feet above Ordnance-datum, and is of small 
extent, the feature not being so well-marked as in Cornwall. 
On the l-inch G-eological Survey map the area is coloured as 
Bovey Oligocene deposits, and is bounded on the west by meta- 
morphosed Culm- Gravel-pits expose about 10 feet of brown 
and greyish gravelly sands. The pebbles include Culm chert, 
Idllas, and granite, but no prolonged search for other I’ocks was 
made. 

Examination of the finer sandj’’ constituents shows that the 
grey colour is due to enormous quantities of lustrous blue-black 
schorl, which is seen under the microscope to occur in grains of all 
sizes and tints. Beside zircon, rutile, and doubtful cassiterite, 
andalusite is abundant. The last-named mineral is dirty with 
numerous inclusions, possesses foayed edges, and displays faint 
pink pleochroism, Gi'ains as much as 0*7 mm. in diameter occur. 
Chiastolite, with a well-mai'ked cross, is also seen (hg. 6 
p. 220). Magnetite occurs in small grains, OT mm. in diameter, 
of irregular shape, and partly altered, usually to limonite, but 
sometimes to more hematitic material. Ilmenite is found in 
:small amount in irregular grains about O’ 5 mm. in diameter, 
the grains being mostly altered to limonite and leucoxene. Many 
kaolinized grains of calc-alkali felspars are found, but no alkali- 
felspar. 

The mineral assemblage is thus purely local, requiring, how- 
ever, the disintegration of aureole-rocks as well as gmnite for 
its accumulation. The occurrence of magnetite is noteworthy, 
although the minei-al is not abundant. 

Gravel from above Lustleigh Cleave. — Gravelly deposits 
occupy the bottom of a v;dley-like depression carved in the gmnite 
of Dartmoor above Lustleigh Cleave, and situated about 2^ miles 

1 H. Lewey, Q. J. G. S. vol. Ixxii (1916-17) p. 63. 
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north-west of Lustleigh village. The deposits were described by 
Mr. H. J. Lowe ^ as evidence of river-capture since Eocene times 
but his conclusions were not accepted by the officers of the Geo- 
logical Survey when they resurveyed the area. The gravels occur* 
at about 750 to 800 feet above Ordnance-datum, and have been 
turned over for stream-tin. The workings are now mainly over- 
grown. Pebbles of granite, elvan, schorl-rock, and vein-quai'tz, 
were recorded. 

Examination of the sandy matrix reveals an abundance of’ 
tourmaline- and zircon -grains (0*2 mm. in diameter and of good 
crystal form) together with a few grains of rutile, a single- 
fragment of epidote, and a single grain of garnet. ETaolinized 
alkali-felspar and magnetite are abundant, in marked contrast to* 
the occurrences at Piddaford, Ilmenite is exceedingly plentiful ; 
angular gmins of all sizes up to 0*5 mm. in longest diameter- 
occur, a few of them displaying alteration to leucoxeiie. The- 
abundance and freshness of ilmenite, the occurrence of magnetite, 
and the absence of aureole-minerals seem to indicate that only 
granitic debris has gone to make up the deposit. 

IV. Comparison with other British Deposits 
OP Similar Age. 

Cretaceous. 

The petrology of the Upper Greensand generally has not yet 
heen investigated in detail, but Mr. G. Macdonald Davies has^ 
published notes on the petrology of the formation in Surrey.^ 
The Haldon Greensand difEers mainly fi’om the Upper Greensand 
farther east in the abundance of its andalusite and topaz, minerals, 
which would naturally break down to a greater or less extent 
during transport. I have traced both andalusite and topaz in the 
Upper Greensand of the Blackdown Hills, and as far east as. 
Devizes. The limit of the eastward extension of these minei*als 
has yet to be proved. The propoi-tion of blue tourmaline in the- 
more easterly deposits is much smaller than in the Haldon sands, 
hut the brown variety is still abundant. Gu-rnets occur much more* 
frequently in the Upper Greensand of Surrey than in that of the* 
“West Country, yielding evidence, at any rate in part, of a dif- 
ferent source of origin for the detritus. Staurolite does not seem 
to be so abundant in the eastern as in the western deposits. 
Hyanite, though always abundant in the Lower Greensand, has 
not been recorded in the Upper Greensand of Surrey. Over the 
Blackdown area, however, it is abundant, and occurs in larger* 
grains than in the Haldon Ci'etaceous, where it is also less plentiful. 
The Blackdown Greensand would therefore appear to contain 
material brought by currents from the south-west or south-south- 
west, as well as those from the west-south-west, 

^ Geol. Mag-. 1902, p. 397. 

® Proc. & Trans. Croydon Nat. Hist. & Soi. Soo. 191$, p, 84. 
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Eocene. 

The westernmost deposits of Upper Eocene age in the Hampshire 
Basin contain an assemblage of minerals not unlike that of the 
Eocene of Devon. Topaz is present, although not abundant (as, 
for instance, at Fordingbridge) ; it disappears as the deposits are 
traced eastwards. Andalusite becomes rare, but occasional grains 
are seen. Kyanite and staurolite increase in abundance, and occur 
in larger grains than those found in the Haldon sands. The pi*e- 
rsehce of these two minerals is most simply explained by postulating 
;a marine or iiuviatile current from the south-west into the Hamp- 
Aire Basin, the drainage there uniting with that from Devon which 
brought the abundant tourmaline into the sediments. Blue tour- 
maline becomes less abundant towards the east. Garnet is absent 
or very rare in the Dorset and Hampshire Eocene, just as it is in 
Devon. 

Little doubt thus exists, on petrological grounds, that the Upper 
Eocene of Dorset and Hampshire was brought down by rivers 
.draining both the West Country and an area of metamorphie rocks 
.on the south-west which contained kyanite and staurolite. Clement 
Beid advocated a western origin for the Upper Eocene of Dorset, 
tbecause of the abundance of kaolin and the character of the pebbles 
in the gravels.^ In view of the greater variety of minerals in the 
Eocene deposits generally of the London Basin, it is clear that, 
.while some may have been derived from the west and south-west, 
.other areas must have been laid under contribution. 

Oligocene. 

The difference in character of the Devon deposits and the 
Dligocene strata of the Hampshire Basin is such that a comparison 
.of the petrological characters of the two is hardly likely to show 
many points of similarity. Briefly (as noted on p. 220), it may 
he ‘Stated that the western deposits contain a more restricted assem- 
.blage of minerals. The Oligocene of the Isle of Wight resembles 
fthe Upper Eocene of the same area in its detrital minerals. The 
d3opaz and andalusite which occur rarely in the Bovey Basin have 
jiiot been observed in Oligocene material from the eastern outcrop. 

Pliocene. 

The assemblage of minerals in the Cornish Pliocene, while far 
from being a poor one, is by no means so varied as that from the 
Boxstone Bed and various Crag deposits of East Anglia. Certain 
.striking differences are to be noted. Large red garnets, for 
example, are among the most abundant and typical minerals in 
East Anglia. Green hornblende, pyroxene, biotite, epidote, 
chlorite, and other minerals are very abundant, but topaz is rare. 
The source .of the staui*olite, andalusite, kyanite, and tourmaline in 


Q, jr, a. S. voLlii (1896) p. 490. 
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* Grains showing- a well-developed blaclc cross* 
f Confii’med spectroscopically, 
j Absent at Crouza Down, Lizard. 


The indication of relative abundance by means of numbers seems iii-st to have 
been introduced by E. Artini,^ whose scale ran from livery abundant to 10=«very 
mre. Later, P. Salmojraghi ^ reversed the order, and nsed the following scheme : 
Is* exceedingly rare; 3— rare; 3—very scarce j 4=sscarce; 6=frequent; 6=svery 
frequent; 7s=ahundant; 8«veiy abundant; 9=*dominant; XO=wultradommant. 
This scheme, which is similar to that devised recently (and independentlvi bv 
Prof. W. W. Watts, is used in the above table. ^ J 


1 Riv. di Min. & Crist. Ital. vol, xix (1808) pp. 33-94.. 

3 Rendic. 1st. Lomb. Sci. Lett. vol. xl (1907) pp. 870-87* 
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the eastern deposits is doubtless on the south-east, namely, the- 
metamorphosed Palseozoic rocks of the Southern Ardennes. It is. 
noteworthy that the Pliocene of Belgium resembles generally that 
of East Anglia in its petrography. 

The case of the Lower Pliocene outliers on the E'orth Downs at 
Lenham, Netley Heath, Hewlands Corner, etc,, is, however, 
difEerent.^ The mineral assemblage of these deposits is more 
varied than that of the Cornish Pliocene ; but in one important 
respect, namely, that of the great rarity of garnets, the two. 
series of deposits resemble one another. 

V. Summary oe Co]srcLUsio]s"s. 

The main conclusions to be drawn are as follows : — 

General. 

(1) The Cretaceous and Tei'tiary outliers of Devon and Corn- 

wall are linked broadly one with the other on petrological 
grounds. 

(2) Their mineral assemblages differ radically from those of the 

Permian, Trias, or Lias-Inferior Oolite of the West of 
England, in that they contain more material derived 
from British and less from ‘ Armorican ’ I'ocks. 

(3) On the whole, the deposits are moderately- well graded. Cer- 

tain of the Pliocene sands form exceptions to this rule.. 
Many of the Cretaceous deposits are poorly graded, and 
many of the Eocene badly. G-reater diffei*entiation has; 
taken place in the Oligocene and Pliocene deposits.. 
These lithological variations throw light on the mode oP 
origin of the various deposits, as indicated below, 

(4) Tourmaline, in grains of all sizes, shapes, and colours is by 

far the most abundant mineral throughout. It is. 
obviously derived from the granite-masses and their 
aureoles. 

(5) Andalusite and topaz may, in addition to tourmaline, be* 

regarded as the characteristic minerals ; they are of local 
origin. 

(6) Garnet is rare or absent in all the deiDOsits, despite its. 

abundance in the igneous and metamorphic rocks of' 
Devon, Cornwall, and Britanny, and in the Permian,. 
Triassic, and Lias^Inferior Oolite of Devon and Dorset. 

(7) Kyanite and staurolite occur plentifully in the Cretaceous. 

and Pliocene deposits, their source pi’obahly lying in the 
old Armorican land-mass which was situated on the- 
south-west. 

(8) As the Upper Greensand and Upper Eocene deposits are- 

traced eastwards, topaz and andalusite occur in decreasing 
quantity, 

^ See G. Macdonald Davies, ojp. cit, p. 82 ; also Proo. Geol. Assoc, vol. xxviii; 
(1917) p. 49. 



Cretaceous. 

(9) Tlie Upper Greensand deposits are marine and glauconitic. 
Their naechanieal composition indicates that they were 
deposited near land, and were in course of being sorted, 
but the process had not been completed. In view of the 
occurrence of abundant small, clear, andalusite- grains, 
•and much kaolin and tourmaline (but very little chiasto- 
lite), their origin may be sought in Cornwall rather than 
in IDartmoor. The deposits oifer no evidence that the 
Dartmoor granite had been exposed by denudation. 
Uivers and currents brought heavy minerals, such as 
kyanite and staurolite, into the Cretaceous basin from 
the south-west. 

Eocene. 

^(10) The Eocene deposits represent the breaking down of an 
enormous quantity of Chalk, as well as of much Creta- 
ceous and granitic material and of aureolar rocks and 
minerals. They are more clayey in character and more 
j)oorly graded than the Cretaceous deposits. The me- 
chanical composition and colour-mottling support the 
view that they are river-deposits. The abundance, 
angularity and large size of the topaz, and the frequent 
occuiTence of dusky andalusite, point to a source of 
oi'igin not far distant, such as might be provided by the 
Dartmoor granite. The abundance of the tojmz, a vein 
and marginal mineral belonging to a late stage of ciystal- 
lization of the granitic magma, suggests that the Dart- 
moor inti’usion was being newly exposed. The Greensand 
was also laid under contribution, but there is no evidence 
that far-travelled minerals arrived directly in the Eocene 
deposits. The drainage-area that yielded the sediments 
was much more restricted than in Cretaceous times. 

The petrography of the Marazion deposits provides no 
clue to their age. The constituents of the outlier near 
BucMand Brewer are similar to those of the Haldon 
Eocene. The presence of flints links the two deposits, 
4J.nd is in conti’ast with its absence in the Pliocene deposits 
of Cornwall. 

Oligocene. 

(11) The restriction of di’ainage-area noted in the Eocene was 
maintained in the Oligocene, resulting in two isolated 
lake-basins^ in North and South Devon respectively. The 
petrographieal character of the rocks in both basins is 
similar, the deposits being poorly graded and obviously 
a result of the sudden arrest of streams of detritus- 
laden water, bearing clayey and coarser material from 
Dartmoor. The minerals are all of local origin, and the 
presence of chiastolite (characteristic of the aureole) is 
noteworthy. 
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Pliocene. 

(12) The Pliocene deposits, like the Cretaceous, are marine and 
glauconitic. From their j)osition and petrographic char- 
acters they indicate a widespread submergence of the 
Oligoeene land-area. For the greater part, the detritus 
is moderately well-sorted, and derived from a wider area 
than any of the other Tertiary deposits. The assemblage 
of heavy detrital minerals is abundant, varied, and poly- 
genetic. 

For fruitful discussion of several of the matters dealt with in 
this paper I desire to exi^ress my thanks to Mr. Henry Dewey. 
For critically reading the manuscript, and for the prepamtion of 
much material in the laboratory, I gratefully acknowledge the 
assistance of Mr. J. G. A. Skerl. 


Discussion. 

Mr. H. B. Mtt.ner drew attention to the deposits at Orleigh 
Court (near Bideford) which the Author had described as 
Foeene(?). He (the speaker) had examined the mineral residues 
from this de]posit, and was impressed by their strong resemblance 
to the Pliocene beds of Cornwall. The Orleigh- Court material 
presented the same andalusite, topaz, kyanite, and typical flat 
tourmaline-grains, among others, as those met with in the Cornish 
deposits; and, on account of this, and the fact that the situation 
of the Orleigh- Court outlier was in accordance with the theory of 
pre- Pliocene drainage previously advanced by him, he was more 
inclined to regard the material as being of Pliocene age. 

With regard to the Author’s remarks on ilmenite and magnetite, 
the speaker agreed as to the general rarity of the latter in sedi- 
ments, both in this country and in the alluvial deposits of Ceylon, 
Brazil, and West Africa. A criterion of di:fferentiation between 
the two species was a crimson, combined with a dull metallic lustre 
(seen with strong incident light) in the case of ilmenite, and the 
adamantine silvery-grey lustre reflected from highly-facetted grains 
(like * pin-points ’) in the case of magnetite. 

fie also drew attention to the Author’s mode of recording the 
results of petrographic examination of samples, and urged the 
general adoption of Prof. Watts’s suggestion that numbers should 
he used to replace letters ; comparison of numbers — by the mental 
picture conveyed — was of far greater help in assessing the 
frequency of species, especially where the correlation of many 
samples had to be undei^aken. 

Prof. W. W. Watts referred to the fragments in the Teign- 
mouth Permian breccias, and enquired whether the evidence given 
by them was in agreement with the Authoi'’s view as to the late 
exposure of the Dartmoor granite-mass. He also wished to know 
whether the Author agreed with Mr. Clement Keid’s attribution 

Q, J, G. S. No. 314. 
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of the Bovey deposits to the Aquitanian division of the Miocene. 
He was interested to hear that the deposit at Petrockstow could 
he correlated with the Bovey Beds. 

The Author, in reply, emphasized the fact that, so far as corre- 
lation of* deposits was concerned, the study of the petrology would 
supplement, hut in no way replace, the use of fossils. 

In reply to Prof. Watts, he expressed the opinion that, iii view 
of the general character of the petrologj^ of the Permian deposits 
of Devon, the coarser constituents were probably derived from the 
apophyses of the earlier-exposed Cornish gmnite-masses rather than 
from Dartmoor. 

The small outlier of Tertiaiy deposits of Buckland Brewer 
seemed to the Author at present to bear a closer i-esemhlanee to 
the Eocene deposits of Devon than to the Cornish Pliocene, and 
he felt that it would be equally as difficult (if not more so) to fit 
them into Pliocene as into Eocene geography. 


[July 6th, 1023.] 
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10. The Earthquake of *7tli August, 1895, in I^Tortherk 

Italy. By Bichard Dixon Oldham, F.K.S., F.G-.S. 

(Read November 8th, 1922.) 

On the 7th of August, 1895, an earthquake was felt over the 
greater part of Dombardy and Tuscany, and in the Alpine districts 
of Northern Italy. Although only a feeble shock, nowhere 
exceeding an intensity of IV° Merealli, it is worthy of attention 
as being of unusual type, and affording an illustmtion of some 
general j)rinciples which have been deduced from the comparative 
study of a large number of earthquakes. The details of obser- 
vations recorded are j)ublished in voL i. of the ‘ Bollettino della 
Societa Sisinologica Italiana ’ ; on pj). 162—67 reports from 81 
distinct localities are given, mostly with little more information 
than a mere record of an earthquake, but a certain number contain 
fuller details. These localities are plotted on the map accom- 
panying this paper (p. 232), which also gives an epitome of the 
pertinent facts recorded. 

The time, as shown by eontinuous-recoi'd seismographs, was 
about 20h. 50m., mid- Euro j)ean time; the area, over which there 
is a practically continuous series of records, is approximately 
triangular, the sides being about 160 miles in length, making the 
seismic area about 15,000 square miles, and possibly about 20,000, 
if the shook is included, which was felt, at about the same time, at 
several places in theTsland of Elba. The report, from Portoferraio, 
is attributed without question to the same earthquake, but it ma 3 r 
have been an independent shock, approximately coincident in time 
Avith the larger one. In favour of this supposition may be placed 
the fact that the nearest locality on the mainland from which 
record was received is over 50 miles fi'om Portoferraio, and that 
the shock was apj)arently not sensible, hut only in strumen tally 
recorded, at Siena, which is considerably nearer the boundary of 
the region covered by fairly continuous records. Against the 
supposition may be placed the fact that the authorities concerned 
in the preparation of the published accounts, who had the original 
reports before them, had no hesitation in regarding the reports 
from Elba as referring to the same earthquake as those from 
Tuscany. In presence of this doubt, the Elban reports will be left 
out of consideration : if included, they would only strengthen, and 
if excluded, w’^ould not invalidate, the conclusions illustrated by the 
other records. 

An attempt was made to determine the degree of intensity, 
according to the Merealli scale used in Italy, at each locality ; but 
in the greater proportion of cases the information was too scanty 
to allow of this being done. In those cases where a degree could 
be assigned with some certainty, it is indicated on the map 
(p. 232), and a eonsidemtion of these shows that there was no 
Q. J. D. S. No. 315. s 



SJcetcJi-Tiiap ilhistrating observations of the earthquake in 
Northern Italy of 7tli August ^ 1895, 
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defined centre of inaxiinum intensity, round wliieh isoseists can be 
drawn at increasing distances. Such a centre might possibly be 
recognized at Sestola (44° 14' lat. N., 10° 45' long. E.), where the 
fall of small fragments of plaster is recorded ; this might bring 
it into the V° Mercalli, but only very doubtfully. Against the 
recognition of a centre of maximum intensity, where the shock 
would be severe enough to attract general attention, must be put 
the fact that it is espeeiallj’’ recorded that the shock was not felt 
at the observatory on Monte Cunone. This observatory lies about 
5 miles from Sestola and in a straight line between that place and 
Fiumalbo (44° 11' lat. N., 10° 39' long. E.), which lies about 
2 miles farther on, and at which the intensity was about the same 
as at Sestola. Taking the other localities, it is found that at 
nearly all a distinctly lower intensity is indicated ; but scattered 
among them are places where the reports would indicate at 
least iy°, and some of these are on the extreme limits of the area 
covered by the reports. At Ala (45° 41' lat. N., 11° O' long. E.) 
and Valli di Signori (45° 44' lat. N., 11° 15' long. E.) on the 
north, at Rettinella (45° 3' lat. N., 12° 9' long. E.) on the east, 
and at Pontedera (43° 40' lat. N., 10° 38' long. E.) on the south, 
all localities from beyond which no reports were received, an 
intensity of not less than 1V° is indicated, though to other places 
nearer the centre of the seismic area a greater intensity than 11° 
or IIP M. cannot be assigned. 

The sound phenomenon gives no better indication of a distinct 
epicentral area, for, although reports are more numerous in the 
region between Florence, Bologna, and Carrai’a, the sound was 
recorded at scattered places up to the extreme limits of the seismic 
area, as at Erha (45° 48' lat. IST., 9° 13' long. E.), Valli di Signori, 
Argenta (44° 36' lat, N., 11° 50' long. E.), Rotta (43° 39' lat. N., 
10° 41' long. E.), and Lari (43° 34' lat. N., 10° 35' long. E.). 

The presence of a noticeable vertical component of the motion 
(sussultorio) is generally confined to the central area, but the 
attempt to make use of this proved as little conclusive as the 
distribution of intensity and sound, for the vertical movement was 
reported from localities at the extreme limits of the seismic area, 
as at Erba, Castelletto di Brenzona (45° 41' lat. IST., 10° 45' long. 
E.), Argenta, and Lari. 

The close clustering of reports from the southern portion of 
this area, lying in the region west of Florence and Bologna, is 
suggestive of an epicentral area of greater intensity of shocks ; but 
this might weU be attributed to the fact that this is a region of 
comparative wealth and ancient culture, where earthquakes have 
long been a subject of study, and where the number of potential 
observers and recorders would be greater than in the region on the 
north, from which no reports were received, until we come to the 
southern edge of the Alps. It may be that the peculiar distri- 
bution of the reports, and the absence of any records from 
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considerable areas, on either side of which the shock was recorded, 
is real, and directly connected with the origin of the shock : this 
point will be referred to later on, but, meanwhile, it must be 
noted that the distribution of the reports is so much in accord 
with the probable distribution of potential recorders, that no great 
importance can be attached to the absence of records from certain 
regions within the boundary dmwn through the extreme localities 
at which the shock was recorded. 

It is, consequently, apparent that none of the methods 
ordinarily employed allows of the fixing of a definite epicentre, 
or the drawing of successive isoseismals of decreasing intensity. 
To a great extent this is due to the peculiar nature of the 
shock, quite different in character from that usually noticed in 
moderate earthquakes, for which the customary scales of intensity 
are framed ; it was much more akin to the movement Avhich is 
noticed on the borders of the seismic area of a great earthquake, 
when the movement, as it is propagated, dies out in comi>ai*atively 
slow undulations, often more noticeable through the effect produced 
by tilting than by actual sensation. At all the places where this 
earthquake was recorded, an undulatoiy chamcter was noticed, 
suspended objects were set swinging, doors and windows w'ere 
shaken or moved. At Sestola it was especially recorded that there 
was a sensible inclination of walls, giving to persons standing at 
a window the impression of danger of falling out, and at some 
of the localities the earthquake was only recognissed by a vibmtion 
of doors or windows. These are all features characteristic of the 
marginal portion of the seismic area of a great earthquake, and to 
these the ordinary scales of intensity are not applicable, for some 
of the results are such as would only be produced by a considerable 
earthquake of the more common type, where the rattling and 
swinging are set uj) by inertia, instead of hy inclination of the 
surface, due to the passage of the long waves propagated outwards 
from a great disturbance. It is not unnatuml to attribute the 
similarity of the movement, noticed in this earthquake, to a 
similar cause, and, if this be so, the only direction in which 
distance can be attained is downwards into the interior of the earth 
— in other words, we are not dealing with a small disturbance of 
shallow depth, but with the marginal area of a greater distux’bance, 
diminished in intensity by propagation before it reached the outer 
suirfaee. 

In attempting to estimate the depth at which this origin lay, 
recourse was first made to the instrumental records, but no help 
was found in that quarter. The reaords from within or just 
outside the areas over which the shock was sensible, agree in fixing 
the time at about 20b. 49-7m. M.E.T., but there is no regularity or 
evident connexion between distance from the centre of the shocks 
and the time of record, and the variations extend from 49m. 20s. 
to 60m. 20s. omitting those which merely give the time to the 
nearest minute. Outside the seismic area the shock was recoi'ded 
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only at Kome, where the time (20h. 51m. 10s, ) is in accord with 
the supposition that the record was due to the arrival of the 
surface-waves. In 1895 the number of instruments caj)ahle of 
recording distant earthquakes was few, and none of them recorded 
this earthquake, which may be accounted for by the fact that at 
Rome, about 100 miles from the outer edge of the seismic area, 
there was only a slight thickening of the record on the two most 
sensitive of the instruments in action. Had this earthquake 
occurred some years later it is probable that more records, and 
possibly more distant records, vvmuld have been obtained from the 
more numerous, and more sensitive, instruments then installed ; 
hut the Rome I’ecord is of interest, as showing that the disturbance 
was one of the type which gives i*ise to long-distance records. 

There remain, then, the descriptive records, on which to base an 
estimate of depth of origin, and, in making use of these, the first 
difficulty encountered is the explanation of the peculiar distribution 
of the records. One possible hj’-pothesis is, as has been stated, that 
there was in reality a large area of tolembly uniform intensity of 
shock, and that the irregular distribution of the records is due to 
the presence or absence of potential observers. In this case we 
are dealing with a shock due to the propagation of wave-motion 
directly from the bathyseism, and this wave-motion, as revealed 
by the records, Avas of twofold character: there was first the 
undulatory movement, only noticed through the efeet of the 
inclination of the surface produced by it, and also a vibratory 
movement of greater rapidity, giving rise to the sound phenomenon 
and to tremors which were everywhere of feeble intensity. The 
actual amount of the acceleration was everywhere small, but the 
reports do not admit of the formulation of any precise estimate of 
the variation : at the outside it may have been twice as great in 
the central part of the seismic area as in the marginal regions. 
The rate of variation of acceleration of the wave-particle Avith 
distance from the origin has not been investigated ; but, if it be 
taken as inversely proportional to the distance from the origin, 
the depth would come out as something near 50 miles ; Avhile, if 
the variation is inversely pi*opoi*tional to the square of the dis- 
tance, the depth might reach double this figure. 

This is not, however, the only possible interpretation of the 
records, for it may be that the intervening gaps, from which the 
eai’thquake was not reported, I’epi'esent a real absence of noticeable 
shocks, that the immediate origin of the earthquake Avas a series 
of fractures, of comparatively shallow depth, and that’ the distri- 
bution of the records represents, at least approximately, the extent 
of the sensible shock. In some Avays, this interpretation is in 
accoi’d with the peculiar distribution of the records and the absence 
of any defined area of maximum intensity. The records lie mostly 
along a line running about north-eastwards fi’om Pisa, and along 
another running eastwards from Como, the two lines meeting in 
the district north-west of Venice; there is also indication, less 
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well marked, of another line joining the extremities of^ these two, 
and running from near Como towards Pisa. If the origin of the 
earthquake really was of the nature of two, possibly three, fractures 
or series of fractures, it is not conceivable that they could have 
been due to any cause directly connected with the tectonics of the 
surface-rocks: for, with the exception of the east-to-west northern 
line, they run across the structural features as sclmi on the surface. 
But it is conceivable that, if any general change of bulk had taken 
place in the material underlying that portion of the crust over 
which the earthquake was felt, it might be the determining factor 
in producing fractures in the crust, which would be unconnected 
with the surface tectonics, and in this way the isolated area in 
Elba, where an earthquake was noticed in various parts of the 
island, could be brought into relation with the main area in a 
manner not otherwise easy to explain. This change of bulk might 
be of equal area with the earthquake, in which case it need not lie 
at a great depth from the surface, but so large an area of almost 
uniform change is not easy to understand; it becomes more 
intelligible if we consider the original change of hulk to ]>e of 
more restricted dimensions, and the effect, immediately below the 
solid crust, to be the transmitted effect of such change. This 
transmission would not be merely vertical I 3 ’' iq) wards, but would 
spread outwards at a certain angle which might be as much as 45 \ 
and in this case the ultimate origin would lie at a depth of the 
order of 120 miles if the dimensions were inconsiderable ; but, if 
considerable, the depth would be proi^ortionattdy diminished, and 
thus for an origin having one-quarter of the dimensions of the 
earthquake it would become about 90 miles, and 60 miles for 
one-half the dimensions. On the other hand, the angle of 
spreading of the effect would probably not be as much as 45®, and, 
if only 30° (corresponding to an apical angle of 60°), the depths 
would be nearly one and three-quarters as great as those mentioned. 

Prom these facts and considei’ations it will be seen that no very 
positive conclusions can be dmwn, nor any precise estimate made, 
of the depth of origin; this much, however, is clear, that the 
earthquake was more akin to those which give good distant 
records, than to the ordinary type of local earthquake ; and that 
the depth of the ultimate origin of the shocks was gmat, pro- 
bably of the order of about 100 miles or so, below the outer 
surface of the earth. This conclusion is of interest in its accordance 
with the deductions, recently announced by Prof. H. H. Turner, 
that the origins of many of the disturbances, which give rise io 
good long-distance records, lie at a depth of about 200 kilometres 
(125 miles). 
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11. The Pamir Earthquake of \Sth February, 1911. By 
lliciCARD DixoJf Oldham, F.B.S., F.GT.S. (Bead IsTovember 
8th, 1922.) 

The Pamir earthquake of the ISth of February 1911, though of 
destructive violence in the central region and giving rise to long- 
distance records, would ^Drobably have passed without special 
notice had it not been for two circumstances : one, that it was 
accompanied by a landslip of exceptional dimensions, which 
dammed one of the principal drainage-A^alleys of the region, and 
gave rise to a permanent lake over 15 miles in length and 900 
feet in depth; the other, that the late Prince Boris Galitzin 
formulated the conclusion that this landslip was the originating 
cause of the earthquake, and that tliis was an interesting and 
unique instance of coincidence of epicentre and hypocentre. 
Attention has been recently drawn ^ once more to this earthquake, 
and, although mistakes in Prince Galitzin’s mathematical methods 
have been pointed out, the justice of his conclusion has been 
maintained ; but this conclusion is so contrary to all other present 
knowledge of the character and behaviour of earthquakes, that a 
fuller examination of the evidence seemed desirable, and as this 
is not generally available, being published almost exclusively in 
the Russian language, it has seemed desirable to record the facts, 
so far as they are available. 

Before dealing with the local observations and records of the 
earthquake, it Avill be well to refer briefly to Prince Galitzin’s 
palmer.- His conclusions were based iR’imarily on the survey con- 
ducted in 1913 by Col. Spilko, from which it was computed that 
the mass of the landslip amounted to between 7 and 10 milliards 
of metric tons, and the height of fall was somewhere bet^veen 
300 and 600 metres, from which it results that the amount of 
work done in falling, and set free hy aiTest of fall, lay betw’^een 
the limits of 2T x 10“^ and 6*0 x 10’^® ergs. 

The next step was to estimate, from the seismographic records 
at Pulkovo, the amount of work transmitted past that station, and 
from this to compute what should have been the amount set fi*ee 
at the origin. The result of his computation gave 4-8 x 10*® ergs, 
a figure almost identical wdth the mean probable value obtained 
from the survey of the landslip, and hence it was concluded that 
the landslip gave rise to the earthquake. 

The whole calculation, however, is vitiated by the fact that, in 

1 At a geophysical discussion held in the rooms of the Royal Astronomical 
Society on March 3rd, 1922. [See also H. Jeffreys, ‘ The Pamir Earthquake 
of 1911, February 18, in relation to the Depths of Earthquake Foci ’ Monthly 
Notices, Roy. Astronom. Soo. Geophys. Suppl. vol. i (1923) pp. 22-31.] 

® ‘ Sur le Tremblement de Terre du 18 f(Svrier 1911 * O. R. Acad. Sci. 
Paris, Tol. olx (1915) pp. 810-14. 
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computing the amount of work transmitted past Pulkovo, the 
de^oarture of the seismogram from the mean position was attributed 
to a horizontal movement of the ground, the seismograph being 
taken to act as a steady point ; but it is well established that the 
record in the third phase (or long) waves, ^ which were exchisively 
used in forming the estimate, is due to tilting and not to inertia : 
consequently the estimate, being based on an erroneous intciqwota- 
tion, is necessarily in error, and the real value at J^ulkovo must be 
in defect of the adopted value to an unknown, and probably con- 
siderable, extent. Besides this, some faults have been ])ointed out 
in the formula used for computation. These considerations under- 
mine the basis on which Prince Q-alitzin’s conclusion was founded, 
and, in addition, it may be urged that, in the i^resent^ verv 
imperfect state of our knowledge of the nature and physics of 


BTcetch-maf of ilie epicentral area of the J?amir eartliq^iiahe 
of 18th JB'ehruary, 1911. 



these surface-waves, no final conclusions can be drawn from the 
most exact agreement, nor from the absence of such agreement, 
between computation and obseiwation. It becomes necessary, 
therefore, to examine the question from other aspects before 
accepting, or rejecting, the assertion that the landslip was deter- 
mined by the earthquake. 

The only account of this shock, that I have been able to find, 
is a report by Col. Spilko, published by the Bussian Imperial 
G-eogmphical Society in 1914.1 He was primarily concerned in 

1 * The Pamir Earthquake of 1911 & its Consequences Chronoloffical 
Reference & Report of the Works of the Military Detachment of the Pamir ’ 
by Col. Spilko, Staff OjSElcer & Chief of the Pamir Detachment, Bull. Soc Imp. 
Russ. vol 1 (1914) pp. 68-94, with map & plate of sections (in Russian). 

On account of the interest attaching to this earthquake, I have had a trans- 
lation made of Col. Spilko's paper, and deposited it in the Library of the 
Oeolo^^l Society of London, for the use of those who may be interested in 
tne subject. 
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the examination of the great landslip and the lake iB'odueed by it, 
but incidentally gives a general account of the earthquake derived 
from official and other reports ; reference is made to accounts and 
reports in newspapers, but all that is important, for the present 
purpose, seems to have been incorpoiated by him. 

The earthquake took j)lace on the night of the 5th-6th February, 
1911 (O.S.), the time, as locally determined, varying from 11.15 p.m, 
to 1.20 a.m.i The central region lay close to the junction of the 
Taniinas with the Murghab, or Bartang, river, in about lat. 

15' N., long. 72° 38' E., and here the destruction, not only of 
villages but of roads, bridges, and all means of communication, 
was so complete that nearly six weeks had passed before news 
could reach either the military headquarter's at the Pamir Post, 
or the civil headquai'ters at Khorog. Two attempts to reach the 
devastated region were made : Capt. Zaimkin was despatched down 
the Murghab valley, and at Sarez found further progress impos- 
sible j while, from the Oxus valley, the official despatched by the 
G-overnor of Poshan found his progress toAvards Oroshor, the 
headquarters of the district, stopped by complete destruction of 
the roadway, at some place unspecified, before he could reach his 
destination- According to Col. Spilko’s account, written two 
years later, the total loss of life amounted to 302 men, women, 
and children ; details are given of separate villages and settle- 
ments, some of which I have been unable to find on any map ; 
but the easternmost of those that I have been able to identify is 
Sarez, which escaped rather lightly with a loss of some houses and 
no deaths, and the westernmost Basid, which was almost completely 
destroyed. The distance between these two places is about 35 miles 
in a direct line ; but the region over which the earthquake reached 
a destructive degree of violence evidently exceeded this limit, for 
it is recorded that the first news of the disaster that reached the 
Oxus valley was brought by a plucky Tajik, a resident of Basid, 
who descended the Bartang in a native boat (probably an inflated 
skin), and fi’om this account it is evident that the destruction of 
the roadway and interruption of all land communication extended 
for some distance westwards, or downstream, from Basid. In this 
region, besides the destruction of buildings, of bridges, and of the 
gallei'ies by which the roads were carried round the faces of cliffs, 
caused by the direction of the eai'thquake, there were numerous 
landslips, which will be dealt with later. 

In an easterly direction the earthquake was strongly felt at the 
Pamir Post, where it is said to have lasted two minutes, accom- 
panied by a subterranean rumbling, was severe enough to make 
all the inhabitants leave their houses, and caused clocks to stop. 
A second shock an hour later is reported. Some cracks were 
formed in buildings. At Kizil Bobat the shock was felt in about 
the same degree, and at Rangkul and Tashkurgan (in Chinese 

1 The time, as determined from distant records, would be about ISh. 41m. 
Greenwich mean time, or 23h. 81m. local time. 
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Turkestan) it was noticed, as a slight undulation, only hy a few 
people. 

Ill a northerly direction it is reported that tlie waters of the 
Kara-Kul Lake surged over the eastern, low-lying, hank for a 
distance of about half a verst (17o0 feet) leaving a bank of ice 
behind on their retirement. In the Alai district it was feebly felt, 
in about the same degree as at Tashkurgan. 

Westwards the shock was severe, and caused great alarm through- 
out the districts of Shignan and Koslian. At Ivhorog a. sub- 
terranean rumbling was noticed, great alarm was caused, but no 
damage reported. At Ishkashiiu the earthquake was severe, and 
followed at intervals by feebler ones. No damage to buildings 
was done. 

The seismic area of this shock must have extended into Afghan 
territory, across the Oxus, hut no. records on wliich any reliance 
can be placed are available. Col. Spilko quotes reports tluit 300 
houses were destroyed and 460 peojile killed in Kabul, 60 houses 
and 240 deaths at Kala-i-Yavun, 70 houses and 2 deaths at 
Konabacl, and a few houses (but no deaths) at Faisabad. The 
first-named of these, unless some place which 1 cannot identify is 
meant, obviously cannot refer to this earbh<j[iuike. The other 
reports, if accepted, must refer to a difierent eai'thquake, or else 
indicate that this, like some of tlie Calabrian shocks, had two 
distinct centres of greatest intensity ; more probably, however, the 
reports are either greatly exaggerated, or wholly imaginary. 

These accounts allow of the formation of an approximate 
estimate of the magnitude of the earthquake. The centre c>f 
greatest intensity lay not far from Oroshor, the headquarters of the 
district of the same name, or between it and the junction of 
the Tanimas aud Murghab valleys. The central area, over which 
the intensity was at least VIII® It.F.,^ extended from about Sarez 
on the east to beyond Basid on the west, the dimension in this 
direction being at least 40 miles ; in the transverse direction the 
dimension is indeterminable, as ]^opulation and communications 
are confined to the valleys. The outer limit of the area over which 
the shock was at all sensible can be fairly well fixed in an easterly 
direction at about 150 miles from the centre ; in a southerly 
direction the limit was probably about the same ; on the west the 
distance would be about 220 miles from the centre, if the earth- 
quake was really felt at Konabad (Khanabad ), As has been pointed 
out, however, all the reports from Afghan territory are very un- 
certain, and the authentic records suggest that the limit in this 
direction was less than on the east, i^ossibly not more than 100 
miles ; on the north the limit seems to have been much the same, 
or about 100 miles. The actual dimensions of the region in- 
cluded by the 11° K.P. isoseist may be put at about 250 square 

^ Col, Spilko gives the intensity as YIII° over the whole of this region ; hut 
the accounts reproduced hy him and the description hy Sir Aurel Stein (quoted 
later) show that over the greater parb of it the intensily must have ranged 
higher, and reached j.t least 
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miles, and those of the area included by the VIIl^ isoseist being 
about 40, the ratio between the two is about 6 to 1. The corre- 
sponding ratio in the case of other destructive earthquakes works 
out at various values, between the extremes of 12 to 1 and 3 to 1, 
the usual value being about 5 or 6 to 1. In this respect, therefore, 
the earthquake shows no abnormality, and there is notliing to 
suggest a radical difference in origin from other earthquakes. 

Another feature which marks this earthquake as of the usual 
type and origin, is the occurrence of aftershocks. From the 
central region we have no certain records, but, both at the Pamir 
Post and Iskashim, subsequent shocks are definitely reported. 
Great earthquakes vary extremely in the number of aftershocks 
and the duration of the i^eriod covered by them ; in some cases 
the aftershocks are few and soon over, in others they are numerous 
and prolonged, and there is no definite relation between the magni- 
tude of the earthquake and the number of aftershocks. In a 
general way, however, the greater earthquakes are followed by 
moi*e numerous aftershocks than the smaller, and the Pamir one 
of February 1911, though it must be classed with the great world- 
shaking earthquakes, was, in reality, a small one of its class. To 
this must be added that the nature of the country and its in- 
habitants precludes the possibility of anything like a complete 
record being obtained. The published reports are sufficient to 
show that there were at least some aftershocks, and that in this 
respect the earthquake was of normal type. 

So far nothing has been said of the landslips, these having been 
reserved for separate consideration. Of the largest of them we 
have fairly full particulars, in the description and survey made by 
Col. Spilko’s expedition. This slip fell from the mountains noi-th 
of the Murghah valley, just above the village of Usoi (Usaid of 
the Indian Survey maps), which was overwhelmed and all the 
inhabitants destroyed, except two, who were away on the night of 
the earthquake. The debris of the slip formed a heap in the 
valley, measuring about 19,000 feet in length along the bed of 
the valley, about 12,500 feet in width across the valley, and very 
little short of 2500 feet in maximum dej>th, the total bulk 
being about 100,000,000,000 cubic feet, and the weight about 
7,500,000,000 tons. These figures are necessarily apj)roximate, as 
it is not possible to determine, fi*om the map, the exact limit of 
the slip, nor is the original contour of the ground known. The 
harrier, formed by the slij), gave rise to a lake which, at the time 
of Col. Spilko’s survey, had attained a length of 26 versts (about 
17 miles) and a maximum depth of 131 sashin (917 feet) ; at 
the time of his visit the water-level was still rising, hut this was 
probably seasonal, for two years later Sir Aurel Stein, traversing 
the same route, estimated*^ the length at 15 miles. As the 
upper end of the lake was veiy narrow, merely a flooded idver- 
channel, when surveyed by Col. Spilko, widely differing estimates 
of length might easily have been made by different observers ; 
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moreover, the narrow part would he rapidly filled up by river- 
deposits, so that the estimate of the later observer is in sul^stantial 
agreement with the survey of the earliei*, and the permanent 
length of the lake may be placed at about 15 miles. 

The landslip itself was of the ordinary type of mountain -slip ; 
it was a downward rush of a mass of debris, moving more as a 
fluid mass than as either a slide, or a fall, of separate fragments, 
carrying on its surface, and embedded in it, huge unbroken masses 
of rock measuring hundreds of cubic feet in bulk. Where this 
moving mass impinged on the ojpposite side of the valley its 
momentum was checked, the upper surface surged uj) and, not 
having sufficient fluidity to return, was left banked against the 
hillside, forming a barrier across two minor tributaries from the 
south, in one of which a small lakelet was formed. This much is 
evident from Col. Spilko’s survey and description, from which 
it is also evident that the great slij) at Usoi was by no means the 
only one formed at the time of the earthquake. Upstream, his 
survey shows several smaller landslips in the direction of Sarez, 
probably those that blocked Capt. Zaimkin’s progress in April 
1911 *, and, even from the accounts collected by Col. Spilko, it is 
sufficiently evident that there must have been numerous others 
farther down the valley, in the disti-icts which were not visited by 
him. The infox*mation, however, would have been veiy scanty but 
for the fact that, about two years later, Sir Aurel Stein travelled 
down the Tanimas valley to its junction with the Murghah, and then 
up that valley past the great ‘slip and the lake of Sarez, and his 
graphic description ^ of the condition of the country, four years 
after the earthquake and landslip, throws much light on what 
would otherwise have been obscure and doubtful. 

He states that already in the Tanimas valley he had come upon 
huge ^ masses of debris, which had fallen from the slopes of the 
flanking spurs, and spi*ead for several miles across the open valley- 
bottom. On turning up the Murghah valley, progress in its narrow 
gOTge proved very trying, owing to the results of the eai’th(|uake, 
which had transformed the surface of the mountain-region in a 
striking fashion. In these defiles huge landslides had choked up, 
places, the whole river-passage, and destroyed the tracks. 
The big river, once rivalling in volume the Ah-i-Panja, had 
altogether ceased to flow, and strings of alpine tarns had replaced 
it. It took three days’ hard travelling, along the steep spurs and 
slopes of debris, to get to the point, near the mouth of 
the Shedau lateral valley, ■where the fall of a whole mountain had 
completely blocked the river, and converted the Sarez Pamir into 
a lake more than 15 miles long, still spreading up the valley. 
Enormous masses of rock had been pushed, by the impetus of 
the landslip, up the steep spurs flanking the Shedau valley, 

I Third Journey of Exploration in Central Asia, 1913-16 ’ Geogr. Journ, 

xiTiij, 1916. The passages referred to in the text above are on pp. 214 
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forming a huge barrage which seemed to rise 1200 feet above 
the level of the lake. 

Some idea of the difficulty of this journey may be formed from 
the fact that the distance, which it took three days to cover, is less 
than 15 miles ; while the same distance, above" the barrier, was 
covered in one daj^ although the going was still bad and only 
practicable on foot, and by men accustomed to mountain-climbing. 

The foregoing account shows that the great landslip of UsoiAvas 
not the only one that accompanied this earthquake ; it was by far 
the largest, but there were innumerable others, many of which can 
only be regarded as small in comparison with the exceptionally large 
one, and the accounts reproduced by Col. Spilko show that, besides 
those seen by Sir Aurel Stein, landslips occurred, on a similar scale, 
at least as far downstream from the junction of the Tanimas and 
Murghab. In j)art, this extensive development of landslips must 
be ascribed to the unstable, or semistable, condition of the steep 
slopes on each side of the deep-cut valley through a loftA^ 
mountain-region. Landslips, in fact, are by no means unknown in 
this region, and Colonel Spilko quotes, and accepts, the statement 
that the Yashil Kul, in the Ghunt valley (south of the Murghab), 
was caused by an ancient landslip of great size *, yet the simul- 
taneous occurrence of so many landslips over so large an area, as 
took place on the night of the 18th of February 1911, requires 
some common determining cause, Avhich is to be found in the 
severe earthquake, known to have coincided with the fall of these 
landslips. 

There remains, however, the possibility that the great slip at 
Usoi might have been the primary cause of the earthquake, and so 
of the other landslips. This suj)position is negatived by the fact 
that the great slip is not situated at, or near, the centre, but on 
the extreme limit of the region of greatest destruction. The 
time of occurrence of a landslip may be determined by an 
earthquake, but the magnitude is very little influenced by it; 
in the ease of those landslips, which can only be regarded as small 
wdien compared with the unusual magnitude of the Usoi slip, it 
may be taken as ceid^ain that slips were in prepamtion, and that 
sooner or later they would have fallen in very much the same 
magnitude, a magnitude determined by those initial ci'acks with 
which such mountain-slips commence. Even the great Usoi slip 
had probably been in preparation, in the same way, and would 
have come down in due course of time; its size, therefore, does not 
indicate a greater violence of earthquake. The position of the 
Usoi slip is, consequently, quite consistent with the conclusion 
that it, and all the other effects, were due to the earthquake as a 
common cause : it is not consistent with the supposition that the 
slip was the cause of the earthquake. 

Besides the particular argument from the position of the Usoi 
landslip, with regard to the Qver which the earthquake 
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reached a destructive degree of violence, there are some general 
considerations pointing to the same conclusion. It is known that 
in some cases earthquakes, of great violence in the eenti*al area, 
were only sensible for a comparatively short distance^ from it. 
The classic instance of this last-named type is the Ischian earth- 
quake of 1883, which levelled Casamicciola with the ground, and 
caused 1800 deaths in that town alone, hut was only felt by a few 
jjersons at Naples, not more than 20 miles away. Tins ]'es trie ti on 
of the seismic area is commonly attributed, and seemingly with 
justice, to a small depth of origin, less than half-a-mile in the 
Ischian earthquake, while tiie more extended shocks originate at a 
greater depth. 

If we compare the extent of the Pamir earthquake of 1011 with 
the Ischian of 1883, both being of about the same degree of 
maximum violence, we are faced with veiy different conditions ; 
although in both cases the maximum degree of violence was not 
very different, the area over which the one reached a destructive 
degree of violence was as great as the whole area over which the 
other could be felt at all. The great development of landslips in 
the Pamirs was due to the accidental eoineidenee of the e])i central 
area with a region where the carving of deej), narrow, and steep- 
sided river-valleys, through lofty mountains, had given rise to 
unstable conditions of the hillsides; but, apart from this, the 
earthquake differed in no material respect from the geneml run of 
great earthquakes, which give good records at long distances from 
the origin. 

Of disturbances known to have originated on the surface, we 
have had, in the last few years, explosions of great magnitude and 
violence, which gave rise to surface- waves capable of record by 
seismographs at a distance ; hut, in all cases, these have been 
marked by the very restricted area over which the distur!>anee 
was sufficiently great to cause material damage : within a distance 
measui-able in yards, damage, directly due to vibniti<jn of the 
ground, had ceased, and within a very few miles at most no 
vibration could he felt, even by those who were specially favourably 
situated. From these analogies we may conclude that, even if the 
fall of the Usoi landslip could have produced a shotdc sufficiently 
great to cause damage, this would have been limited to the imme- 
diate neighbourhood, and the earthquake would have ceased to 
become sensible before the limits of the region in which damage 
was actually done were reached. 

The facts known of this earthquake show that it cannot have 
been of surface origin, but must, like other similar shocks, liave 
had a deep-seated origin, not necessarily the 120Q or even the 
200 kilometres, which have been claimed for some of the world - 
shaking earthquakes, but at any rate of the order of CO kilometres 
or 30 miles. That it could not have been due to the fall of the 
landslip is evident ; the landslip was determined by the earthquake 
and, so far as the time of occurrence is concerned, was a coii- 
.^equence, not a cause, 
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Yet it is possible that the imj)act of the great Usoi landslip, and 
of the many other great slips, which accompanied this earthquake 
and precipitated vast masses of rock into the valley -bottoms, may 
have had their efect in setting up surface ^vibrations, and starting 
surface-waves, which were propagated afar, and left their impress 
on distant seismograms. In the course of the discussion, which 
led to this investigation, Mr. J. J. Shaw stated that the seismo- 
gram obtained at West Bromwich showed the third-phase (or 
long) waves, as unusually large in proportion to the preliminary 
tremors, which were of but small dimensions. This means that 
the surface-waves were of unusual size for a disturbance of the 
magnitude indicated by the mass-waves transmitted through the 
earth, and this gi*eater development of surface-waves maj?- not 
improbabl}’’ have been due to the combination of wave-motion, 
started directly by the earthquake, with other surface-waves, 
originated by the landslips. 
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I. Introduction. 

The Jurassic in New Zealand comprises a thick series of deposits, 
important both stratigraphically and structurally. In every 
locality where the sequence is well seen the}’’ follow closely the 
Triassie rocks with apparent perfect conformity. Compared with 
the underl 3 dng Trias, however, they exhibit contrast in a number 
of characters, among which are the following : — 

(«) They are, genei-ally speaking, less steeply inclined and enter 
less, so far as is at present known, into the structure of the Aljnne 
mountain-ranges. No instance is known to me where rocks with 
recognizable Jurassic fossils occur in a slaty or semi-inetamorphic 
condition as do the Triassie rocks in some places on the eastern 
fringes of the Southern Alps : for example, at Mount Potts and 
Mount St. Mary. 

(5) The Jurassic, in contrast with the Trias, exhibits a much 
greater vertical mnge of marine fossiliferous deposits throughout 
its thickness, including horizons ranging from the lowest Lias to 
the Kimmeridgian and Tithonian. The Trias, on the contrary, is 
fossiliferous only in the higher beds, ranging from the Ladino- 
Caimic to the Rhsetie. 

(<?) Jurassic rocks apparently occur over a rather greater length 
of the two islands than the Trias, although this is probably due 
merely to accidents of outcrop and exposure, since Trias much 
resembling that in New Zealand recurs in New Caledonia. The 
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Jurassic rocks at Waikawa occur at the extreme soutli-eastern 
corner o£ the South Island, and near the northern extremity o£ 
the North Island at Cape Maria van Diemen and Spirits Bay 
Mr. A. McKay has recorded rocks similar in lithological characters 
to the JuKissic and Trias of Kelson and Southland.^ 

The general lithic characters, while on the whole similar, 
differ somewhat in detail from those of the Trias. There is the 
same absence of contemporaneous igneous rocks that one finds in 
the Trias, 2 but a greater development, especially perhaps in the 
Lias, of soft felspathic, glauconitic, and sometimes oolitic beds. 
The condition of the sediments often causes the fossils to be un- 
satisfactorily preserved. Beds of rounded granitic conglomerates 
frequently occur as they do in the Trias, and the nature of the 
included fragments seems to be very similar. Plant-bearing strata 
are frequent, esj^eeially in the higher beds, although I have seen 
drifted wood also in the lowest beds with marine fossils. At 
Waikawa the stumps of a fossil forest are preserved in situ. 

In his commentary on the report of the Geological Smwey 
during 1877-78 of the Hokonui Hills, ^ where the lithological 
characters of the Triassic and Jurassic rocks were worked out in 
greater detail perhaps than in any other region, Sir James Hector 
gives the following summary of the formations represented there: — 


JEuropean equivalent., 

Series, 

Thickness 
in feet. 

Upper Oolite. 

Mataura. 

3500 

Middle Oolite. 

Putataka. 

850 

Lower Oolite. 

Plag HiU. 

800 

Lias. 

Bastion. 

2200 

Upper Trias (Bhaetic). 

Otapiri. 

1600 

Middle Trias. 

Wairoa. 

3000 

Lower Trias. 

Oreti. 

3400 

Permian. 

Kaihiku. 

6150 


He continues with a description of the beds, of which the 
following is a condensed account, and includes lists of names of 
the fossil mollusca and plants which were collected. The Mataura 
Series appears to consist largely of estuarine beds, marine fossils 
being absent or rare. It comprises dark marls and fine-grained 
sandstones, and contains the I'emains of a number of plants. The 
strata agree closely in mineral character with the plant-beds at 
Waikato Heads, 35 miles south of Auckland, in the North Island, 
and contain similar remains of fossil vegetation. Proceeding, he 
says that the Mataura Series which overlies the Putataka Series, 
closes the old Secondary sequence at Kawhia, in the Auckland 
district, and the same plants are found in the Olent Hills plant- 
beds. The Clent Hills are in Canterbury Province, some 70 miles 

^ Bep. Geol. Explor. 1892, p. 90. 

^ Prof. P. Marshall mentions what may be an exception to this rule, 
in his * Creology of Kew Zealand ’ 1912, p. 187. 

^ Bep. <3reol. Explor. 1878, Introduction, p. vii. 

Q, J. G. S. No. 315. 
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west of Christchurcli. The Putataka Series, which also has its 
typical development at Waikato Heads and in the Hokonui district, 
•is represented in the southern districts by coarse- grained sandstones 
which pass near the base of the formation into conglomerates, with 
bands of indurated shale enclosing plant-remains and irregular 
coal-seams. The Putataka Series is of marine origin. Hector 
refers to these rocks in the reports as the ‘ j^starfe Beds.’ The 
Plag Hill Series, jn'ineipally developed in the Hokonui Eango in 
Southland, is in part marine, and is characterized by IS forms 
of fossil shells. The fossil j)lants in the uj^per part of this group 
are the same as those found at Waikawa and Mataura Falls, and 
are especially interesting in that at least one species is identical 
with a plant found in the Kajmahal Beds of India (which are 
considered to be of Liassic age) : namely, llacrofceniopteris lata. 

The lower part of the Flag Hill Series is marine, and Hector 
gives a list of 18 names of English Oolite fossils. He sa3"s, more- 
over, that, besides seven forms of Mhynclionella and three of 
Terehratula, ^piriferina rostrafa of the Lias is abundant, as also 
a form of JEpithyris. 

The Bastion Series consists in its upj)er part of conglomei*ates 
and sandy grits with plant-remains too indistinct for identification, 
and in the lower of marly sandstones in banded laj’ers of difterent 
colours having at the base a concretionary structure which has led 
to its being termed cannon-ball sandstone. Similar sand- 
stones occur also in the Otapiri formation. Fossils are plentiful, 
and divide the strata into distinct horizons. A list of fossils 
follows, and Hector goes on to say that the getieml facies of the 
fauna is (on the whole) Liassic, although many Lower Oolite forms 
occur; but that the brachiopoda, of which 21 forms have been 
provisionally distinguished, again present the same abnormal 
survival of older t^j^pes, especially in the occurrence of an Atliyris- 
like shell belonging to the new sub-genus Olaviyera, which laas a 
great development in the next formation below. 

The Otapiri Series is placed in the Phsetic, but Hector sa^^s that 
the fossils include forms belonging to the Lias and Oolite. His 
list of fossils makes it clear, however, that he is here dealing with 
the beds of the Carnic and Horic Series of the Trias. I have 
already described both these beds and the Wairoa, Oreti, and 
Kaihiku Series in a previous paper.^ 

Hector gave lists of the fossils collected by the Survey in the 
Jurassic deposits, just as he gave lists for the Trias and supposed 
Permian. As these names are mostly those of well-known English 
fossils, they are of very little value, and therefore I have found it 
necessary to neglect almost entirely Hector’s lists, and have relied 
primarily on the collecting done by Prof. P. Marshall and myself, 
as also on specimens lent to me by Prof. Marshall and Mr. J. A. 
Bartrum, and by the Director of the G-eological Survey, about the 
locality of which there could be no question. 

^ ‘The Trias of New Zealand’ Q. J.G.S. vol. Ixxiii (1917-18) p. 105. 
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111 Prof. Marshall’s company I collected from two or three 
localities in the Hokonui Hills and from most, if not all, of the 
known fossiliferous localities round the shores of Kawhia Harbour. 
Prof. Marshall also kindly lent and gave to me fossils that he had 
collected at Waikato Heads and in the coast-section south of 
Nugget Point in the far south-east of the South Island. 

This does not exhaust the fossiliferous localities of the New 
Zealand Jurassic, but it represents the most important and t 3 ^pical 
sections and those where the fossils are perhaps best p5*eserved. 
If a collecting expedition could be sent to all the localities, it 
would doubtless increase the known number of species ; but I 
already p)ossess a very rej^resentative series of the Jurassic fossils, 
from which it is possible to obtain a general idea of the particular 
marine Jurassic horizons present in the two islands. 

Prof. Emile Haug has summarized the state of our knowledge, 
or lack of knowledge, of the Jurassic of New Zealand and adjacent 
areas in the Southern Hemisphere. He sa^’-s, dealing with the 
Otapiri Beds which follow the Trias : — 

‘ The marine fossils which have been mentioned under the names of Belem- 
•Elites ota'pii'icue^ Pleurotomaria oriiata, and Tancredia truncafa, remind one 
of Liassio forms. Above come the Mataura Beds with Macrotaeniopteris lata 
and Tsaniopteris daintreei.’ (‘ Les P^riodes Geolog-iques ’ vol. ii, 1907. 
p. 992.) 

Farther on, he sa^’-s ; — 

‘ Beoent works have made known several very fossiliferous horizons in the 
Inferior Oolite Series in several of the islands of the Malay Archipelago. 
The analogous formations that exist in New Zealand are unfortunately much 

less well known; A Steplieoeeras of the group of humplimesianum, 

a Macrocephalites^ and some belemnites of the genus Belemnopsis are the 
only fossils on which one can rely to affirm the presence of the Inferior Oolite 
in New Zealand.’ 

Discussing the Upper Jurassic, Haug says : — 

‘ The presence of the Tithonian in New Zealand is certain, since Hochstetter 
•ooUeoted there an ammonite very closely related to Berriasella of Stramberg 
{Ammonites neozelandicus). But the labours of the local geologists have 
.scarcely made clear the stratigraphical relations of the beds whence this form 
was derived. A form described by Zittel under the name of A%icella pUcata 
is probably from more ancient beds. The horizon of several Belemnopsis 
described by Hector cannot be determined with certainty.’ {Op. cit, p. 1109.) 

Kef erring to New Caledonia, he proceeds : — 

* The existence of the Upper Oolite in New Caledonia is founded on palaeonto- 
logical data of small precision, since the shales which form the base of the 
coal series, probably of Cretaceous age, only contain lamellibranchs and 
gasteropoda that are specifically indeterminable. Piroutet cites, however, an 
Arieella related to A. leg\t>minosa of the Spiti Beds.’ 

It will thus be seen that much remained, and indeed still z'emains, 
to be investigated regarding the age of the vai’ious Jurassic deposits 
in New Zealand, especially in the determination of the earliest and 
latest horizons, and the question as to whether a complete or more 

T 2 



or less incomplete sequence of these beds is represented. The 
intercalation of semi-marine or estuarine plant-bearing sediments, 
among those which cany marine fossils is also an interesting 
feature, in view of the excellent work which was accomplished 
the late Dr. E. A. Newell Arber on these floras. 

I am indebted to Prof. P. Marshall for his company and 
assistance on several of my excui’sions in New Zealand, and for 
providing me with stratigraphical details and a map of the Kawhia 
and other areas, as also for the loan of specimens. My thanks are- 
also due to Mr. P. Gr. Morgan, the Director of the Geological 
Survey of New Zealand, and to Dr. J. Allan Thomson, at one time- 
Palaeontologist to that Survey ; also to Mr. J. A. Bai-trum, of the 
College, Auckland. Several experts at home have kindly assisted 
me with the fossils : among these are Mr. S. S. Buckman, Dr. 
P. L. Kitchin, and Dr. L. P. Spath, who has undertaken the 
description of the ammonites. 

II. The Jueassic Peais-t-beaeikg Beds oe New Zealais'I). 

An extremely important monograph has recently apiDeared,. 
dealing wdth the iflant-bearing beds of Triassic and Jurassic age.i 
As the evidence from the fossil plants does not seem in every case- 
quite to agree with that of the marine faunas, it may be advisable 
to refer to some of these points. 

The earliest flora, that of Mount Potts, is said to be Bhcetic or- 
Triasso-Rhsetic in age. This result agi^ees, on the whole, with my 
determination of the Kaihiku marine fossils that occur at Mount- 
Potts as Ladino-Carnic, and I have dealt with the matter in the 
paper on the Trias of New Zealand already cited. 

The flora of the Clent Hills in Canterbury Province is also 
considered to be Pbsetic, although, owing to the absence of certain- 
forms, it may he slightly younger than the Mount Potts flora.. 
The flora that occurs at Mokoia, near Gore in Southland, is put 
down as Lower Jurassic, though Mr. McKay referred to the beds 
as Triassic, 

The flora at the Mataura Palls in Southland is said to he Lower 
rather than Middle Jurassic in age, and slightly younger than that 
at Mokoia. New Zealand geologists have referred the Mataura 
Beds to the Dpper Oolite. 

The plant-beds, including the fossil forest at Waikawa in the- 
far south-east, are said to he probably of Middle Jumssic age, 
though Arber remarks that our knowledge of Upper Jumssic floras 
IS very limited. The stmtigraphical position of the beds should, 
however, refer them to a position high up in the Jurassic. Un- 
fortunately, I know of no marine fossils associated with either the 
Mataura or the "Waikawa plant-beds such as might confirm or 
refute these attributions. 

Mesozoic Koras of New Zealand ’ N.Z. 
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Finally, the plant-beds at Waikato Sc)uth Heads in Auckland 
are assigned to the Neocomian. S. H. Cox i refers to the plant- 
beds as part of the Mataui-a Series, while beneath them comes the 
Putataka Series, consisting of marlstones in which marine fossils 
were found. Among those identified were Aucella lAicata, Ino- 
ceramus 7iaasfi, and JBelemnites auclclan clicks. The specimens 
■of Aucella 'which Prof. Marshall and Mr. Bartrum collected at 
this locality are descidbed on p. 267. 

Quite recently, Mr. J. A. Bartrum ^ has published a note based 
on the examination by Prof. A. C. Seward of a collection of plants 
which the former collected at Waikato. The most interesting of 
these is said to be JElatoclaclus plana (Peistmantel). Mr. Bartrum 
writes to me that Prof. Seward is now’ inclined to doubt the 
Heocomian age of the Port Waikato plant-beds, and, though 
uncertain as yet, he prefers to think that they are probably older. 

III. Descetption op Locaetties op Jurassic Rocks. 

The South Island. 

The Hokonui Hills. 

In my paper dealing with the Trias of New Zealand I indicated 
roughly the structure of the Hokonui Hills ; they consist of a 
trough of which only the northern and western sides are exposed. 
The northern and western fringes are occupied hj the steeplj’’- 
inelined beds of the Trias, while the inner and southern parts of 
the range are occupied b}’' more or less horizontal Jurassic deposits 
which overlie them. The district was surveyed in great detail in 
1877-78 by Mr. S. H. Cox & Mr. A. McKay ,s and a map and 
several sections, together with a detailed lithological table of the 
strata, was published. Unfortunately, neither drawings nor de- 
scriptions of the fossils collected during the survey are supplied, 
and consequently a precise determination of the age of the beds is 
precluded. 

Above the Upper Triassic Wairoa Series the following beds occur 
in ascending order: — Otapiri and Bastion Series, Flag Hill Series, 
Putataka Series, and Mataura Series, 

In company with Prof. P. Marshall, I collected at the two 
following localities in the Jurassic rocks of the Hokonuis : — 

(1) At the junction of Taylor’s Creek with the Otapiri stream. 
The beds seem to be those marked No. 48 in the section along 
the line AB in the Survey report, described as lower cannon- 
ball sandstone, and as belonging to the top of the Otapiri, or 

1 ‘ Report on the Waikato District * N.Z, Geol. Surv. : Rep. Geol. Baqplor. 
18*77, p. 11. 

® ‘ Note on the Port Waikato Mesozoic Flora* N.Z. Journ. Sci. & Technol, 
vol, XV (1921) p. 258. 

3 N.Z. Geol. Surv. ; Rep. Geol. Explor. 1878, pp. 49-90. 



the very base of the Bastion Series. Thej^ consist of dark decom- 
posed felspathic sandstones, with big concretions. The beds are 
full of fossils, but only the larger forms are in a condition to make 
satisfactory determination possible. Species of the ammonite 
genus JPsiloceras occur here, and several species of Oxytoma were 
found. Small indeterminable mollusca are very plentiful, including 
species of JPecten, a small concentrically-ribbed Astarte^ a small 
wedge-shaj^ed lamellibranch (possibly a form of Tcmcredla'), and 
Naticoid gasteropoda. Fossil drift-wood also occurs in the rock. 
The ammonites refer the beds to the Hettangian. 

(2) The second locality was some distance up the slope of Flag 
Hill in beds, apparently those called the ‘ JPlaf/iostoma ’ Beds, 
numbered 53 in the same section, and indicated as rather above 
the middle of the Bastion Series. They consist of fine-grained 
sandstones, several blocks of which are scattered about the grassy 
slopes, and contain abundant specimens of a bivalve shell that 1 
have named ^ IPseudomonotis ’ onarsJialli. This may be the fossil 
referred to as ‘ JPlagiostoma ’ by the geological surveyors. The 
fossils are all easts, and the shells are replaced by a rusty material. 
Several of the smaller forms are specifically indeterminable, among 
them being a small patellif orm gasteropod. Others include a small, 
adherent, ostreiform bivalve, and another resembling 

a JPleiiromya, The Bliynchonellids have a ‘ Callovian ’ aspect. 

The Survey report mentions Astarte Beds as occurring at the 
top of Flag Hill. These may he the equivalents of the beds with 
Astff^de of the group of A. spiHensis at Totara Point, fCawhia ; 
but, as we did not visit the top of the hill, I cannot be certain 
about this. 

In still higher beds in the Hokonui district Tnoceramtis is 
recorded, although whether this refers to 1. liaasii not, I 
cannot say. 

The South-Eastern Coast of the South Island. 

Following the direction of their strike in the Hokonui Hills, 
both the Trias and the Jurassic apj)ear on the south-eastern coast 
of the South Island, where they are continued out to sea. The 
steeply-dipping Triassic sequence is found from Nugget Point to. 
the southern end of Shaw Bay or Boaring Bay. South and south- 
west of this the coast is occupied by Jurassic rocks as far as 
Waikawa, where the fossil forest occurs. The coast south-west of' 
Roaring Bay and about the Catlins River is difficult of access ; 
but Prof. Marshall has recently risited it, and informs me that he 
found T7ioc6f*cii7ius in a bed which strikes east- south -eastwards tc>- 
the boat-landing at Catlins,^ and on the strike of this bed at the 
coast he found some helemnites. The boat-landing is j>i*eoisely a 
mile from the Rhaetie beds of Roaring Bay, and, as the direction 
IS at rtght angles to the strike and the dip averages 70° to 75® south- 
westwards, the thickness of the rock separating the localities is. 



almost exactly 5000 feet. About lialf-way between these two 
points, a short distance north of Sandy ^ay, there is a stratum 
particularly rich in a lamellibranch, of which Prof. Marshall has 
sent me specimens. The horizon is 2500 feet above the Phcetic 
bed. The shells here mentioned are those described on p. 269 as 
^iicella ('/) marsh alli^ sp. nov. Prof. Marshall writes that there 
are probably many fossils to be obtained between Eoaring Bay 
and Sandy JBay ; but the coast is rough, and collecting requires 
much time. 

Among the fossils that he sent to me for inspection are 
Inocercimus cf. galoi Bcehm from Kerrs, south-west of Kugget 
Point, and a poorly preserved Astarte apparently belonging to the 
group of A. spitiensis Stolickza. The poor condition of the 
other fossils, however, prevents accurate specific determination. 

The beds are apparently the same as those at Totara Point, 
Kawhia, where the Astarie of the spitiensis group occurs. 

The North Island. 

The Waikato District. 

The Waikato Eiver reaches the western coast of the North 
Island about 45 miles noi’th of Kawhia. The Jurassic rocks are 
found on the south side of the river-mouth, the north side being 
covered with blown sands. The district was surveyed by Mr. S. 
H. Cox^ in 1876-77 ; it has been visited by Prof.'Marsfmll, and 
more recently by Mr. J. A. Bartrura. As at Kawhia, the Jurassic 
deposits are unconformably overlain by Tertiary limestones. At 
the South Heads the beds form an anticline ; the marlstones, 
(Putataka Series) according to Mr. Cox, are highly fossiliferous, 
and constitute the central core of the anticline, the axis of which 
runs about due north-west. These beds are reported to be at least 
500 feet thick, and are overlain by alternations of sandstones and 
sandy maids, with occasional slaty beds in all of Avhich are plant- 
remains in a more or less perfect state of preservation, but in 
many cases very indistinct. These are the famous plant-beds of 
the Mataura Series. 

Mr. Bartrum has sent me a series of marine fossils which he 
collected there. The Aucellce all belong to the forms which 
Prof. Marshall also collected at the South Heads, and resemble 
those figui’ed in PI, XIV, figs. 5 -7, namely A. spitiensis and 
A, hlanfordiana. 

None of the species now called A, plicata, by Boehm, of the 
XnoeeramusAiaasti Beds of Kohai Point, Kaivliia, appear in the 
collection. The remaining fossils include Trigonia sj), (very 
obscure) ; also Barallelodon egertoniamis Stoliczka, a small 
specimen ; a small radially-ribbed and thick-shelled bivalve,, 

^ * Eeport on the Waikato District ’ X.Z. Geol. Surv. ; Rep. Geol. Explor* 
1877, p. 19. 
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appai'ently a Limea'^ Serpulid tubes, one recalling S, convolute 
Goldfuss attached by the apex, and curled both dextrall}^ and 
sinistrally; another resembling the gexiMS JP-ijr^opolon. 

Kawhia Harbour. [By Prof. Pati’ick Marshall, 

M.A., D.&e., F.a.S.J 

Early in 1915 I paid a visit to Kawhia in comj)any with Prof. 
Marshall, Most of time was spent in collecting the fossils of 
the various outcrops, but Prof- Marshall (who had visited the 
locality on previous occasions) has sent me the accoinpanjdiig ma]> 
and description of the strata represented in the district. 

Near Te Arawi, where the Pseudomonofis Bed (Noric) is situated, 
there is a large intrusion of porphyrite. This, however, does not 
much afEect the sediinentaiy strata. The Pseudomonofis Bed is a 
JSne-grained grey sandstone. This type of rock is continued along 
the clifE'face almost to Te Maika, though it varies somewhat in 
coarseness. Occasionally, there ai’e thin bands of a fine con- 
glomerate. The stratification is quite regular, the strike gradually 
swinging to the north. It is 312° at the Pseiidomonotis Beds, 
but has changed to 340° where the ammonite {Arcestes cf. r7i<sticiis 
W. B. Clark) was found. Thence it gradually becomes more 
northerly, and at Te Maika, 3| miles distant, it is 8°. Locally 
small changes in the strike can be observed, though in all cases 
the normal direction is soon regained. There are a few faults, but 
these appear to be of no importance and of no great magnitude. 
The small bands of conglomerate in this part of the section arc 
not of any consequence. 

Farther west towards Albatross Point, on the farther side of the 
porphyrite intrusion, massive beds of conglomerate occur, and 
the strike of the rocks becomes much more westerly. No fossils 
were found in that part of the cli:ff-faee. At Te Maika thick beds 
of conglomerate occur. The pebbles are seldom inoi-e than 
6 inches in diameter, and are well rolled : they consist mainly of 
granophyre and other kinds of quaidiz-porj^hyry, and even granite- 
porphyry. No rocks of this type occur at the present day in 
sitn in the North Island, and they are unusual in the South 
Island. 

At Totara Point the strike is almost the same as at Te Maika. 
The rocks at this point are only about 530 feet higher in the 
section than those at Te Maika Point. The beds at Totara 
Point are also conglomerates of the same nature as those at Te 
Maika. Ammonite-beds and a bed of other molliisca occur 
closely below the conglomerate. These beds are gritty, and in 
places almost glauconitic. On the other side of the small bay at 
Kohai Point the rock becomes finer, and is in effect a mudstone. 
The strike, however, is practically the same as at Te Maika, 
and the dip remains about 45°. 

At Ghana Point another bed of conglomerate occurs, having the 
same character and composition as those described before. 
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At the next point, Te Ahu Ahu (the old Wesleyan Mission 
Station), the rock is a fine-grained slightly concretionary mud- 
stone. The stratification is here somewhat disturbed ; hut, excej^t 
for purely local variations, it appears to be much the same as at 
the other points on the south side of the Harbour. 

At Motutara, on the north side of the Harbour, the rocks are 
extremely concretionary, and here have a very different strike. 
They exhibit the characteristics of a fine mudstone. 

Assuming that there is no faulting of importance between the 
JPseiidomonotis Bed and Totara Point (and actually there seems to 
be none), then the strata between these localities must have a 
thickness of about 11,000 feet, and another like thickness must 
separate the beds at Totara Point from those at Te Ahu Ahu. 

Since there is an almost continuous section between these points, 
and since the stratification and strike and dip are throughout 
extremely veguls^r, it is reasonable to assume that the thickness of 
the rocks from the JPseudomonofis Bed to Te Ahu Ahu is some 
20,000 feet. 

IV. Conclusions BEOAEUiNa- the Aoe of the 
New Zealand Jueassic Deposits. 

It has been remarked that the Jurassic deposits in New Zealand 
follow the Trias with apparent conformity. It is very probable 
that, if the passage-beds in those districts where they are well seen 
(such as Kawhia and the Hokonui Hills) were well searched, some 
interesting fossils, especially among the hmehiopods, w’ould be 
found. It is also possible tbat representatives of the Ithastic beds 
containing Avicula contorta, corresponding with the Napeng 
Series of Burma, might be traced. I have illustrated a bivalve 
which recalls that form ; but it is unfortunately too poor for ac- 
cm'ate determination. 

The lowest Jui*assic rocks in which Prof. Marshall and I 
collected are those at the junction of Taylors Creek v/ith the 
Otapiri Stream in the Hokonui Hills. These beds contain two or 
more species of the genus JPsiloceraSy of Hettangiaii age. The 
occurrence of higher marine fossiliferous Liassic deposits is indi- 
cated by certain ammonites in the British Museum, described 
in the Appendix, § VIII. 

The fossiliferous deposits at Totara Point, Kawhia, yield some 
braehiopods that recall those of the Putehuin Beds of India, which 
are referred to the Bathonian, These are TerebrnHila acntiplicata 
Kitchiii, and IBhynchonella pulcherrima Hitchin. A llhyncho- 
nellid bearing long spines in the Totara-Point Beds is thought to 
be a spinous development of the latter form. JPecteii (Qampto- 
nectes) lens is a well-known Bajocian and Bathonian fossil. 

On the other hand, several of the Totara-Point fossils closely 
resemble those from Wai Galo in the Sula Islands, which Boehm 
refers to the Oxfordian, after a lengthy discussion of the relations 
of the fossils to those of the Oharee Group of Hutch. These 
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include Ph^lloceras cf. mediterTcineiim (iNeuma^'r) and Ino- 
ceramus cf. galoi Boehm, 

The brachiopods that we collected on the slopes of Flag Hill in 
the Hokonui Hills, according to Mr. S. S. Buckman, jpresent a 
Calloviaii aspect. 

The beds at Kohai Point, Kawhia, containing Inoceraonus 
Jiaasti and A.iicella j^lieata have yielded no ammonites, so far 
as I am aware ; but they cannot be far above those of Totara 
Point, and J. haasti is evidently related to I. galoi, I collected 
a Pliylloceras on the shore not far below the I,-7iaasti Beds. 

The beds at the Mission Station of Te Ahu Ahu yield belemnites- 
very similar to those from the Oxfordian of the Sula Islands. 

Considering the absence in all the last-mentioned localities^ of 
ammonites other than the relatively long-lived Phylloceratidae, 
it seems possible to make only an approximate determination of 
their age, and to conclude that they fall into the Bathonian- 
Callovian-Oxfordian series of deposits. 

The highest Jurassic beds in wdiich we collected, at Te Puti on 
the northern shore of Kawhia Harbour, appear to be of Tithonian 
age. Probably more than one horizon is represented in the cliffs, 
since all the ammonites were found washed out and lying on the 
shore. These include TJhh'gites liectori Spath and Aidaco- 
spliinctoides brownei (Marshall), and their age is discussed by 
Dr. Spath (p. 298). 

The evidence for the ];>resence of still higher beds in the Hew 
Zealand Jurassic sequence is chiefly founded on the occurrence of 
jBerriasella novoseelandica (Hauer), but the locality of this 
specimen seems somewhat doubtful. 

The marine fossiliferous Jumssic series of Hoav Zealand, there- 
fore, commences with the low^est Lias and closes with beds 
representing the Tithonian. The oldest marine Cretaceous beds of 
the covering series of strata, according to Mr. Henry Woods,^ 
are of G-ault age, the equivalent of the Lower Utatur Beds of 
Southern India. These occur in the Clarence Valley in the 
north-eastern part of the South Island, and were found by Dr. J. 
Allan Thomson. Further transgressions are represented by the 
Qoncliothyra-parasiiica Beds of Upper Senonian age.^ 

The intervening epoch, Tithonian-Albian, ma^" apj)ear inadequate 
to account for the great Mesozoic orogenic uplift and subsequent 
denudation and ijianation that affected the New Zealand area ; but 
the evidence points to the fact that it must have been accomplished 
during this interval. Prof. Marshall writes ^ : — 

* Tke close of the Trias- Jura is on all sides regarded as the critical period 


^ * The Cretaceous Faunas of the North-Eastern Part of the South Island * 
N.Z. Geol. Surv. Pal. Bull. No. 4 (1917) p. 2. 

2 C. T. Treohnaann, GeoL Mag. 1917, p. 296. 

® ‘ Handhuch der IRegionalen Geologie ’ Heft 5, vol, vii, pt. 1 (1912) p. 36^ 
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in the g:eologioal history of KTew Zealand. A great earth-pressure acted at its 
■close, and all the areas of Mesozoic sediments were folded and apparently 
greatly elevated. ' The strike of the folds is remarkably uniform throughout 
the greater part of the country. iVom Mount Cook through the northern 
part of the South Island, and through the North Island from Gape Terawhiti 
to Poverty Bay the direction is constantly north-north-east.’ 


y. Kelatiokship to the Jhbassic Deposits op 
Adjacent Aeeas. 

The Jurassic, as well as the Trias of New Zealand, offers a great 
•contrast with that of Eastern Australia and Tasmania, a contrast 
somewhat analogous to that between the Trias of the Himalayas 
and tliat of Peninsular India. 

Marine fossils of Jurassic age, however, occur in Western 
Aixstralia, where the beds form a remanie series, reposing upon the 
underlying schists and gneisses. The horizons represented appear 
to he the Bajocian and the Callovian. The fossils include 
Beleinnojpsis and the familiar bivalves Oxytoma muiisteri and 
JE*seudo7}idnotis ecliinata. 

The Jurassic of 'New Zealand agrees in general features with 
that of most other regions in the great c^?'C^4w-Pacific belt. The 
Jumssic of New Caledonia, so far as I can ascertain, is very little 
known, but the resemblance of its Trias to that of New Zealand is 
probably shared by the Jurassic also. Marine Lias occurs there, 
but the horizon seems uncei’tain. Marine Lias is also found in 
Borneo (Toarcian) ; Annam; Japan (Toarcian) ; Alaska (Toarcian 
or Aalenian); California ; Nevada and Oregon (Sinemurian, etc.) \ 
Peru and Chile (Sinemurian- Aalenian). 

Yl. PALJSONTOIiOaY OF THE NeW ZeALAKD JxJHASSIC. 

(«) Belemnitidse. 

Canaliculate belemnites seem to play nearly as great a part in 
the Jurassic of New Zealand as they do in that of the Molucean 
Islands. G. Boehm says ^ : — 

‘ I have collected many hundreds of them in the outcropping beds of the 
liower Malm, in the Island of Taliabu, and also farther east, and in the Island 
of Misol also in outcropping beds, and have left behind many thousands 
uncollected.* 

He goes on to say that in the bed of the Lagoi Stream, in the 
forests of Taliabu, masses of Belemnites alfuricus Bmbm 
occurred. 

^ In New Zealand I collected examples from three distinct local- 
ities and horizons on the northern and southern shores of Nawhia 
Harbour. Some of these are comparable with figures of belem- 
nites recently issued,^ named B, canaliculatus aitcMandicus Hauer 

^ ‘Die Siidkiisten der Sula-Ihseln Taliabu <& Mangoli’ Palceontographica, 
Suppl. iv, pt. 2 (1907) p. 53. 

2 N.Z. Geol. Surv. Pal. BuH. No. 1 (1913) pi. v, figs. 2 & 4. [Plates by 
J. Hector.] 
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and JB. lioclistettei'i Hector, but the exact locality o£ neither of 
these is recorded. Hather than waste time in "discussing the 
nomenclature of these specimens, I propose to describe the best- 
preserved examples that I collected and indicate the relations, 
which they seem to bear to those of other localities, especially 
the forms recorded by Boehm from the Sula Islands. Boehm 
quotes G-urich’s remark that 

‘ The helemnites from Rotti resemble outwardly the Middle Jurassic Bel. 
canaliculatus ; a closer examination, however, reveals that they belong* to- 
the group of Bel. absolittus. The most nearly related, perhaps ^en identical, 
form is Bel. gerardi Oppel from the Spiti Shales of the Himalaya.’ (Op. cit. 
pp. 54-55.) 

Farther on, he says that in the cross-section of B. gerardi the 
ventral sulcus of the rostrum does not cut into the concentric 
calcareous rings, but leather that each single ring agreeing with the 
sulcus is embayed to an equal extent. This feature is observable 
in the cross-section, wherever I have seen it, in the examples 
from the Jurassic of New Zealand. 

Careful zonal collecting in New Zealand is very advisable, since, 
from the few specimens that I obtained at Kawhia, it appears 
that those from the Mission Station at Te Ahu Ahu are distinct 
from those in the higher beds at Te Puti, while both these are 
distinct from the form that occurs at Totara Point in beds which 
may be approximately of Bathonian age. 

Bblemnites (Bblemnodsis) sp. (PI. XVI, fig. 14.) 

Description. — The following description is from a specimen 
nearly all the guard of which is present, but none of the alveolar- 
region. The specimen is slightly distorted. Near the jDOsterior 
end the cross-section is almost cu’cular, but about the middle it 
becomes rather wider than high. The ventml sulcus extends for 
the whole length of the guard to the point, and is rather deep and 
narrow with a rounded floor and rounded slopes. The guard 
increases gradually in section from the anterior part until about 
two-thirds of the distance to the apex where the section is greatest, 
whence it tapers gradually to the apex. 

Dimensions. — Length =68 mm. ; at the thickest part the 
section is 6*5 mm. wide, and 5'5 mm. in a ventro-dorsal direction. 

Locality.— I’otara Point, Kawhia. 

He marks. — Mr. Buckman reports on this sjpecimen — 

‘ Belemnopsis sp. of. B. jie'iiriausua A. d’Orbigny of the Great Oolite and 
B. paralleUis Phillips of the Puller’s Earth. (= Great Oolite The apex 

is less elongate than in the first species. Bathonian.’ 

Numerous helemnites occur in the glauconitic nodular green- 
sands at Totara Point. Most of them are curiously bent and 
distorted, this being apparently the result of movement in the 
rock at some period subsequent to deposition. All the specimens 
and fragments collected seem referable to one species, although, 
further search may yield others. 
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Belemis-ites (Bedemnopsis) sp. (PL XVI, figs. 15 & 16.) 

Description. — The guard increases very gradually from the 
alveolar region to a point some distance behind it, maintains the 
greatest section for a short distance, and then tapei’s gradually to 
■the apex. The ventral furrow is more or less broad with rounded 
floor and sides, and extends fi*om the alveolar region nearly or 
.quite to the apex. In this respect it differs from the belemnites 
in the higher beds at Te Puti, in which the furrow is less 
pronounced and dies away before reaching the apex. 

Dimension s. — Length of guard = about 90 mm . 

Locality. — Te Ahu Ahu, Kawliia. Near the old Weslej^an 
Mission Station, where rolled fragments are common on tlie shore. 

Be marks, — Two broken guaitls in mj^ collection may belong to 
-different sj)ecies. The cross-section is more nearly circular, and 
the ventral furrow is broader and shallower in one than in the 
other. They agree well with faHahufictis G. Bcehm ^ (pi. xi, 
flgs. 6 a— 5 6«-6<3, 7—8, especially figs. 5 & 6 and cross-section, 
fig. 8). The ventral furrow resembles that in JB. galoi Boehm 
«(pl. X, fig. 5 5); but the cross-section in that form is considerably 
■wider than it is dorso-ventrally, and the guard is widest towaifls 
•the apex. They also resemble .B. aJfiiricus Boehm, a form which 
is very near to JB. gerardi Oppel of the Spiti Shales. JB, galoi ^ 
JB, taliahuticus, and JB, alfurictis occur in the * Oxfordian beds 
*of Wai Galo, in the Island of Taliabu. 

Belemnites (Belemnopsis) sp. (PL XVI, fig. 12.) 

Description. — ^The ventml furrow is faint, and extends from 
•the alveole backwards to within three-quarters of the length to the 
apex. At first, it is narrow and rather deep, but gradually widen.s 
•out, becomes shallower, and disappears. Where it disa^^l^ears, 
rand towards the apex, the cross-section of the guard is nearly 
♦circular. The narrowest part of the guard is immediately behind 
the alveolar region, where it measures 10 inm. across and 11 or 
11-5 mm. ventro-dorsally. At the thickest part, which occurs 
where the ventral furrow begins to die away, it measures 10*5 mm. 
across and 12 mm. ventro-dorsally. 

Very faint, broad ventro-lateral furrows extend backwards for 
•some distance behind the alveolar region. If oi^e uses a lens, the 
•surface of the guard is seen to bear very faint longitudinal striie. 

Dimensions. — The length of the guard and part of the alveolar 
chamber of one specimen is 82 mm. Another less perfect sj>ccimen 
has been about 110 mm. long. 

Locality. — Te Puti Point*, Kawhia, Upper Jurassic; found 
in sita in the clilff. 

Be marks. — ^This belemnite does not seem to agree exactly with 
any of the forms figured by Bcehm from the S'ula Islands, but 
'Comes nearest apparently to B. lagoicus Boehm, except that in the 

* Lie Sudkusten der Sula-Inselu Taliabu & Mangoli ' Lalseoutograpliica, 
tSujipl. iv, p±. 2 (190>7) p, *73. 
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New Zealand examples the furrow extends farther towards the 
^pex, while the apex is blunter and the guard is rather thicker. 

Belemjt^ites (Beeemis’opsis) sp. (PI. XVI, tig. 13.) 

Description. — The ventral furrow is faint and shallow, and 
-extends from the alveolar region backwards to three-quarters of 
the distance to the apex, where it gradually viddens, becomes 
.shallower, and disappears. The cross-section is nearl}’* circular 
throughout, gradually increases posteriorly, and is thickest (6 mm.) 
about where the furrow dies away j it narrows thence to the apex, 
which is rather acutely pointed. 

Dimen.sions. — A specimen comprising the guard and a small 
part of the alveolar chamber has a length of 70 mm. 

Locality. — ^Te Puti Point, Kawhia, in sitit in the cliiff. 

B.e marks. — This belemnite seems to be a distinct species from 
the last-described one. I possess a perfect guard from which the 
•description was drawn up, and others more or less fragmentary. 
It is comparable in some ways with a specimen described as 
JB. cf. lagoi'cxis Bcehm, but is smaller and narrower, and the 
furrow in the New Zealand exam^de extends farther backwards. 

lagoicus Boehm occurs at the fossil locality on the Upper 
Lagoi liiver, on the Island of Taliabu, in beds which are thought 
to approach the junction of the Jurassic and Cretaceous. The 
belemnites at Te Puti, therefore, seem to agree with the ammonites, 
found lying on the shore there, in pointing to a high Jurassic 
horizon, pi’obably Kimmeridgian. 

(Jb) Gasteropoda. 

Pleueotomabia sp. (PL XII, figs, 11 « & 115.) 

Description. — Shell thick, consisting of five or six whorls, 
increasing rather rapidly. Spire depressed, almost flattened, 
sutures excavated, and whorls concave above, sloping to the suture, 
decorated with a line of coarse blunt nodes, just below which, and 
a short distance above the suture, ti*aces of the slit-band are visible. 
The outer keel is decoz’ated with a line of smaller nodes. The 
shell is widely and deeply umbilicate below, the sutures being 
deeply excavated. The whorls are swollen below, and are decorated 
with a line of coarse and irregular nodes which point rather ante- 
riorly. Growth-lines are well-marked and irregular. 

Dimensions. — Diameter = about 40 mm. ; height = about 
17 mm. 

Locality. — ^The lowest part of the Lower Ammonite-Bed at 
Taylor’s Creek (Hokonui Hills), below the woolshed, collected by 
Mr. A. McKay in 1878, locality No. 358- The horizon is given 
as Lias. Remains of other fossils on the rock show that it is 
Jurassic, and not Trias. Hettangian (?). 

Remarks. — ^A fragmentary cast in the N.Z. Geological Survey 
collection yielded gutta-percna squeezes from which the diagnosis 
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and illustrations were made. It resembles the ^ group of 
P. actinomphala Deslongchamps of the Inferior Oolite and P. 
mirabilis Deslongchamps of the Middle Lias. The depression 
of the spire and the size of the umbilicus and strength of the 
nodes, both above and below, are remarkable features. 

Akrerdeya. zeaeandioa, sp. nov. (PL XIII, fig. 12.) 

Description. — Shell thin, consisting of seven inflated whorls,, 
which increase rather rapidly in size. On the penultimate whorl 
are three ridges, the first of which is situated rather less than half 
of the distance of the whorl below the suture. Tlie third or 
loAvest ridge occurs a short distance above the suture, and is 
rather less prominent than the other two. The last whorl beans 
seven ridges which gradually decrease in size, the first two being 
about equally prominent, the second being perhaps veiy slightly 
the larger. The first ridge occurs rather more than a third of the 
distance between the suture and the base of the whorl. The space 
between it and the suture is concave, and on it the faintest trace 
of another ridge can be seen a short distance above the main 
ridge. The larger growth-lines are regular and sharp, and some- 
what foliaceous, producing a series of sharp tuherculations on the 
ridges. They sweep strongly backwards and then forwards, and 
continue below the first ridge with a slight forward inclination. 
The apei'ture is not visible, and the shell on the earlier whorls is 
missing. 

Dimensions. — Height =21 mm. ; height of last whorl=: 
10 mm. ; diameter of the same = 14 mm. 

Locality. — Totara Point, Hawhia. 

Bemarks. — This shell apparently belongs to the group of 
A., cajpitanea Munster and A. ornata Sowerhy. In the rather 
swollen outline of the whorls it recalls the Upper Liassic form 
A. capitanea rather than the more sharply ridged A. ornata^ but 
the first ridge is situated farther below the suture than in 
A. ca^pitanea, and the surface is more concave. It would be 
unwise, I think, to refer it definitely to either of these European 
forms, especially since W. H. Hudleston regards A. ornata as a 
modified descendant of A, capitanea on a higher horizon. 

Cerithinedla sp. (PL XIII, fig, 13.) 

D escription. — Shell subcylindrical, consisting of ten or 
eleven whorls which increase gradually in size. The whorls are 
nearly flat, and the sutures impressed. Below the sutui*es is a row 
of nodes, and below these about six concentric raised spiml lines,, 
which are more or less broken up into small nodes by the growth- 
lines. The base of the last whorl is decorated with similar 
concentric raised lines. Neither the apex nor the aperture is well 
seen. 

Dimensions. — Height = 24 mm,; height of body-whorl= 

6 mm. ; diameter of the same =6 mm. 
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Locality. — Totara Point, Kawliia. 

Keiiiarks. — The specimen described belongs to the,N.Z. Geolo- 
gical Survey. It seems to be rather closely related to O. hajocie 7 isis ^ 
or some variety of that shell which occurs at Bradford Abbas. 
Shells apparently belonging to this form are plentiful in the 
sandstones with Inoceramus cf. galoi at Totara Point, but are 
generally so pooidy preserved that the decoration is invisible. 

( c ) Lamellibr ancMata. 

Leba sp. (PL XV, %. 5.) 

Description. — The beak is situated rather forward of the 
middle of the shell, which is strongly rostrate posteriorly, the 
rostrate j)oi'tion having a slight upward curve. This rostrate 
portion is decorated with growth-lines only. Nearly all the rest of 
the surface is ornamented with faint rather wrinkled ribs, mostly 
directed downwards and forwards, but which both below and 
in front of the beak assume an angular V-shaped character. The 
V-shaped decoration does not persist to the anterior margin, where 
the ornamentation becomes very faint. 

Dimension s. — Length=22 mm. : height= 8 mm. 

Locality. — Slope of Flag Hill, Hokonui Hills. Callovian (?). 

liemarks. — The illustration is sketched from a gutta-percha 
squeeze of the impression of the right valve. This shell belongs 
to the group of i. rostralis Lamarck and JO, grajpliica Tate, 
which occur in the English Lias, but the V-shaped decoration 
extends over more of the surface in the New Zealand specimen 
than it does in the English forms, where it seems to be more 
restricted to the j)osterior surface behind the beaks. 

Pahaeleeodok egertonianus Stoliczka. (PI. XIV, fig. 8.) 

1865. Macrodon egertonianus Mem. Geol. Snrv. Ind. vol. v, p. 89 & pi. viii, 

%. 7. 

Description. — The beaks are broad, swollen, flattened, close 
together, and are well raised above and bent over the hinge-area, 
which is rather wide, concave, and grooved. The anterior margin 
of the shell is produced along the hinge-line to a rather shaip 
point, the lower anterior margin being gently rounded. The 
primary costae are fine and I'egular, and radiate from the beak ; 
finer secondary ribs occur between the primary ribs about half-way 
from the beak to the lower margin. The ribs become much more 
widely and irregularly spaced on the anterior portion of the shell. 

Dimension s. — Height = 21 mm. ; length originally = about 
45 mm. 

L 0 c a 1 i t y . — W aikato. 

Pern arks. — The figured specimen consists of pai't of the left 
valve well preserved and of the corresponding right valve with 

1 W. H. Hudleston, ‘ Monogr. Brit. Jur. Gasteropoda " 1890 (Pal. Soc.) . 
p. 186 & pi. acii, fig. 3. 

O .T a « -NTn TT 
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only j>avt of the shell remaining, and the i30sterior part of both 
valves missing. The locality is rather uncertain, but ai)])aivntly 
the shell came from Waikato. Mr. J. A. Bartriiin lias recently 
sent me, among other fossils that he collected at Waikato, a small 
and well-preserved specimen of this shell measuring 10 mm. in 
length and 9 mm. in height, which eonhrms its specific attribution, 
and shows that the rihs become nearly obsolete at the ])osteiT<3r 
portion of the shell. It also shows the curious feature mentioued 
by Dr. K. Hoklhaiis and Mr.. 11. B. Newton, namely, tliat the 
right valves of all the specimens have a series of intermittent ribs 
between the prominent radiating costtu, wliich are entirely absent 
on the left valve, where the eoshe are fewer and wider a])art. 

The species is a well-known one fronr the Spiti Shales of the 
Himalayas.! 

Mr. B. B. Newton ^ has recorded the interesting fact of the 
occurrence of this shell in a river-hed at Bihin, in Somaliland. 
He also records it from near Dihala, north of Aden, in bods 
supposed to he of Corallian age.® 

Among the Australian Cretaeeo- Jurassic lamcllibranehs from the 
Desert Sandstone of Maryborough, in Queensland, Cucullcea 
robuata li. Etheridge fil. is very suggestive of this form. *■ 


Aucella, 

The All cell that I possess from New Zealand offer some 
puzzling features: they are from three distinct localities, and 
pi’obably also from as many distiiiefc horizons : — 

(1) Kohai Point, Kawliia Harbour, where they occur associated with 

Inoceranius liaasti. 

(2) Specimens from the South Head at Waikato, collected by Prof. P, 

Marshall and Mr. J. A. Bartmm. 

(3) Specimens of anew form, doubtfully referable to the ft’enus Aucella, 

collected by Prof. Marshall on the .south-eastern coast of the South 

Island. 

The original specimens collected by the J^oi'ara Expedition and 
described by Zittel as A. plicata ® came from the South Head at 
Waikato. The illustrations comprise three views of one specimen, 
are not very clear, and seem to represent a shell witli pai't of the 
margin broken away. Boehm, however, examined seven specimens 

^ K. Holdbaua, ‘ Fauna of the Spiti Shales (Lamollibraiichiata & Gastero- 
poda)’ Pal. Ind. ser. 15, vol. iv (1913) p. 434 & pi. xcv, figrs. 1-10. 

2 ‘On the Occurrence of an Indian Jurassic Shell, e<jerioni(tHns, in 
Somaliland’ Geol. Mag. 1896, p. ^94. 

^ Ann. & Mag. Nat. Hist. ser. 8, vol. ii (1908) pi. i, figs. l -t. 

J. L. Jack & B. Etheridge, ‘ Geology & Palaeoiatology of Queensland ’ 1802. 
p. 565 & pi. xxvi, figs. 1 & 4. 

^ ‘ Palaontologie von Neu- Seeland ’ 1864, p. 32 & pi. viii, figs. 4«-4r; 
the plate is also reproduced by Prof." J. Park in his ‘ Geology of New 
Zealand ’ 1910, p. 78. 
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collected by the J^ovara Expedition ^vllich are preserved in tlie 
Vienna Museum, and gives a description and enumeration of them.i 
He also had five specimens from Kohai Point and four specimens 
from aj^laee near Totara Point called Captain King, vdhelx were 
collected for him by Mr. H. Suter in 1905. 

Zittel’s description of A. plicata lays em 2 diasis on the concen- 
tric, rather widely- s]>aced folds which are said to be stronger tlian 
in any known form. The radial sculjxtiire is not mentioned, but 
Boehm, as a result of his examination of the JSTovara material, says 
that it is apparent on two of the original specimens. 

Boehm refers his s^xecimens from Kawhia to Zittel’s sp)eeies 
A. plicata. Those that I collected at Kohai Point, Kawhia, are 
quite distinct from the forms that were collected at Waikato, 
all of which resemble veiy closely the xiticellce of the group) of 
A. spitiensis and have no radial ornamentation. 

I did not visit Waikato, and so I cannot say from pxersonal obser- 
vation whether the small arched form which occurs at Kawhia 
with Jnoceramiis Jiaasti occurs there also, but Prof. Marshall 
informs me in a letter that he did not find it there. The N.Z. 
G-eological Survey repiort on the district states, however, that 
I. haasti is found at Waikato, and so it is pxossible that both 
forms of Aucellas occur there, that related to A. spHieiisis 
representing pxossibly a higher horizon than the other spxecies. 

It seems not improbable that some of the l^ovarct sjxecimens 
from Waikato ina}'- have become mixed up with those from 
Kawhia. Hoehstetter collected Inoceramiis haasti at Kawhia, 
and could scarcely have failed to collect the Aucellce that occur 
in the same bed with it. 

However, in order to avoid any further confusion on this pxoint, 
I shall describe as best I can the material in my hands, indicating 
the localities whence it came, leaving the further pirohlems to be 
solved by future search in New Zealand. 

It seems niicertain whether the AuceUcs from the Tnoceramtts- 
haasti Beds really belong to the form from Waikato, which Zittel 
calls A. plicata ; hut, as Boehm unites them under that name, I 
follow his example with regard to the spxeciiuens that I collected. 

Dr. K- Holdhaus ^ remarks that he has seen the types of 
Aucella plicata^ and is assured that they reperesent a true AucelJa 
very closely allied to A. pallasi Keyserling and A. hlanfordiana 
Stoliczka. 

Prof. E. Haug says that Piroutet cites the oeeurrence in New 
Caledonia of an Aacella related to A. leguminosa of the Spiti 
Beds. 

Unfortunately, the Aucellce yield little information regarding 
the horizon of the beds in which they occur. Those known from 
the Southern Hemispxhere bear so little resemblance to those 
from the Northern, excluding India, that correlation is almost 

1 Nenes Jalirlb. vol. i (1911) p. 11. 

2 ‘ Pattna of the Spiti Shales, &c.* op. cit. p. 405. 

xr2 
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impossible. The place of origin of the genus ^ is a point on Avhich 
much discussion has taken place with little result, as G. Bmhm 
thinks. 

Aucella. plioata Zittel. (PI. XVII, figs. 4-8.) 

Description. — Left valve more or less strongly arched, some- 
times narrow and laterally eomjwessed, the outline being in con- 
sequence very variable. Beak prominent, rather anteriorly directed, 
projecting above the hinge-line and more or less strongly bent 
over it. The anterior ear is rounded and arched. A narrow sulcus 
or furrow in some examples jmsses from in front of and below 
the beak to the loAver posterior margin, which is generally some- 
what produced. In some examples the surface is almost smooth, 
except for very faint, close-set, rather foliaceous growth-lines. Jn 
others these are more prominent and widely spaced, while radial 
ridges may be prominently developed, giving a reticulated orna- 
mentation to a part or all of the shell-surface. The shell of both 
valves in larger examples becomes wavy and irregular towards the 
lower and posterior margin. The surface of the right valve is 
sometimes rather arched, but generally well-rounded ; the anterior 
auricle is well developed, and the beak small. Growth -lines are 
more or less widely spaced and irregular ; but the radial ridges are 
generally weak, giving a faintly reticulated ornament to part of 
the surface. 

Dimensions. — Left valve ; height=21— 27 mm., length=lG- 
22 mm. ; depth=10— 15 mm. Kight valve : height= 20-22 mm. ; 
length=20 mm.; depth =6-8 mm. 

Locality. — !Kohai Point, Kawhia, in calcareous shales with 
Inoceramm haasti \ Oxfordian, or rather later. Several examples, 
both complete and broken, ^vere collected. 

Remarks. — The specimens are individually very variable, sug- 
gesting distinct species. The differences, liowever, result from the 
degree of inflation and arching of the beaks, the absence or 
presence of a furrow on the left valve, and the degree of folia- 
tion of the growth-lines and strength of the radial ribs with 
consequent reticulation of the surface. Any attempt to apply 
varietal names to a series of these sliells would only lead to an 
unnecessary multiplication of trivial terms. 

A comparison of this species with Aucella lnt<jliendenBiH 
R. Etheridge of which 1 possess a slab with numerous speci- 
mens from Hughenden (Queensland), has been made, but the two 
forms do not seem to be closely related. The left valve of the 
Australian species is more strongly arcuate, and, although it bears 
a reticulate ornamentation, the species seems to ]>e a much less 
variable one. 

^ J. R Pompeckj, ‘ Aucellen im Frankischen Jura’ Neues Jahrb. vol. i 
(1901) p . 32 ; ‘IJeber Aucellen & Aucellen- ahnliche ’Fottciqh* ibid. Beilaisre- 
Band xir (1901) p. 319. 

3 * Geology & Falseontology of Queensland’ 1892, p. 460 & pi. xxv, figs, 1~6. 
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Aucella spitiensis cf. var. Extensa Holdliaus. (PL XIV, 
figs. 5 & 6.) 

1913. ‘Fauna of the Spiti Shales (Lamellibranchiata & Gasteropoda) ’ Pal. Iml. 
ser. 15, vol. iv, p. 408 & pi. xcvii, figs. 7-13. 

Description. — Outline elongate oval, not very oblique. The 
beak is very anteriorly situated, almost terminal, strongly arched 
and rounded, in some examples nearly hemispherical, slightly 
bent over the hinge-line. The anterior umbonal portion of the 
valve is rounded and swollen, but towards the posterior and lower 
part it becomes flattened out. The surface is irregular, and bears 
several wide and shallow irregular concentric furrows, esj^ecially 
noticeable on the flatter j)arts. A broad depression occurs below 
the beak, some little distance from the lower anterior margin. 
The hinge-margin is straight or slightly bent, and the lower 
margin runs almost parallel with it ; the posterior margin is well 
rounded, the anterior narrowly rounded; growth-lines are irre- 
gular, but well marked. The right valve is much flatter than the 
left, but is still well rounded ; the beak is not generally raised 
above the surface of the valve, and traces of a small anterior ear 
are perceptible below it. The surface is marked with irregular, 
shallow, concentric growth-fiiiTOws. The shell in both valves is 
thin, and platy in structure. 

Dimensions. — Left valve: length=52 mm. ; height==20 mm. ; 
depth = 15 mm. Bight valve : length=51 mm. ; height=20 mm. 

Locality and horizon. — Waikato, South Heads (Xorth 
Island). Several examples were collected by Prof. P. Marsliall 
and Mr. J. A. Bartrum. Diaper Jurassic. 

Be marks. — The left valve agrees closely with Holdhaus’s 
pi. xcvii, fig. 12 a. The right valve, although more elongated, 
bears comj)arison with fig. 9. 

AucEiiLA spiTiENSis cf. ‘forma typica.’ (PI. XIV, fig. 7.) 

Description. — In the left valve the beak is anterior, but not 
quite terminal, not very pi’oininent, rounded, and only slightly 
bent over the hinge-area. The hinge-margin is very slightly 
ai’ched, the posterior margin broadly rounded (almost semicircular), 
the lower anterior margin gently curved, the anterior margin 
narrowly rounded. The whole surface of the shell is gently 
rounded, and is not marked by any irregular concentric furrows, 
except a very shallow scarcely perceptible one, almost midway 
from the beak to the lower anterior mai’gin. 

The left valve is decorated with a number of prominent, irregu- 
larly-spaced, rather wavy growth-ridges, which become distinctly 
foliaceous. They are widest apart in the umbonal region, but 
become rather crowded together towards the margins, and enclose 
shallow sulci between them. 

The right valve is raised and rather flattened towards the beak, 
but becomes nearly flat posterioidy. It agrees in ©imamentation 



^68 mi. C. T. TliECHMAjSriS^ OJf THE [vol. Ixxlx, 

with the left valve, although the beak is less swollen and does not 
project above the hinge-margin. Owing to the damage to the 
beak, the ear of the right valve cannot be seen. The shell is thin, 
•but its structure is not ascertainable, as it has been replaced by 
hsema title material. 

I) imen s ion s. — IjeDgth = 57 mm. ; height at the beak = 25 mm. ; 
towards the posterior margin =81 mm. Tliickness of valves 
=20 mm. 

Xiocality. — Waikato, South Heads. A specimen with both 
valves in a^^position, the unibones rather damaged. 

Jie marks. — Tlie specimen just described differs from A. sjuii- 
ensis var. extensa in the more regularly rounded surface of the 
left valve, the less swollen and less arched beak, the fact that the 
shell broadens out posteriorlj' more rapidly, and in tlie possessi(m 
of foliaceous growth-ridges. It seems to agree nearly, though not 
exactly, with the left valve shown in Holdhaus, pi. xcvii, fig. 8, 
although in that specimen the beak seems to be more anterior, 
and the outline to widen out more rapidly. 

If one had only the Hew Zealand material to deal with, one 
might feel inclined to place these tw^o An cell ce in different 
species ; hut, from a study of the forms of Aucella described as 
A. Bpitiensis^ it would appear to be unnecessary to do so. 

Dr. Karl Holdhaus describes three ‘varieties’ of A. s2nti€nsis, 
in addition to the typical form, namely, vars. extensa, grandis, 
and superha, which he unites as ‘ synchronous variations of a 
single species I have very little doubt that the elongate 
Aucellm from Waikato are referable to the Himala^^an sj)ecies of 
the Spiti Shales. Two other species from Spiti are described in 
the same memoir: namely, A. legiimlnosa Stoliczka and A. hJaii- 
fordiana Stoliczka, and it is remarked that both leguniinosa 
and A. spitiensis are related to A. hronni Houillier, but are at 
the same time perfectly distinct ; while A. hlanfordiana is closely 
related to A. palloBi Keyserling. In Russia a considerable ver- 
bical interval separates A, hronni from its derivative, A. patlasi, 
but the Indian specimens were not collected with sufficient care 
to show whether a series of derivative mutations is represented 
by them. 

The Himalayan Aucellce seem to yield little information of 
value in establishing the age of the beds, except that they are 
Upper Jurassic. Holdhaus says that a few of the occurrences 
point to an Upper J urassic age as the most ju’obable one for the 
Spiti Shales : for instance, certain species of Aucella the nearest 
allies of which are the European forms A. hronni and 
and also a Trigonia closely allied t© several species from the 
Jurassic of Kach (Chart Group), 

Among some Aticellae recently collected by Mr. J, A. Bartrum 
at South Heads, Waikato, and kindly sent to me, are two left 
valves and a right valve of a form indistinguisluihle from 
A, hlanfordiana. They bear a close resemblance to the form 
figured by Holdhaus, pi. xcviii, figs. 3^-3$ & 4^-4^. The 
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remainder mostly resemble A. sjjitiensis var. eccfensa figured 
in this paper. bne of them bears a fossil attached to it that 
seems to be identical with Placunopsis stria tula Zittel. 

AuCELIiA (?) MAESHALLT, Sp. IIOV. (PI. XIV, figS. 2-4.) 

Description. — Both valves are approximately equal in size and 
degree of inflation, although the left seems to be slightly the 
larger of the two. In the left valve, which is well inflated, the 
beak is rather anteriorl}^ situated, pointed, and jn-ojects above the 
hinge-line. ’L'ho hinge-line behind the beak is concave; the hinder 
margin is produced, more or less rostrate, and rounded in outline ; 
the lower margin is rather concaA^-e, the lower anterior margin 
rounded, and the anterior margin gently rounded. The surface of 
the shell is rounded, and has a more or less prominent ridge, which 
passes from behind the beak to the upper posterior inarg*in, between 
which and the posterior hinge-line there is generally a concave 
areal surface. The surface of the shell is smooth, and bears a 
few narrow irregularly-spaced growth-furroAvs. 

The right valve is moderately inflated, the beak rather anterior, 
pointed, and projecting aboA^e the hinge-line. The anterior margin 
is gently rounded, the lower slightly concave ; the posterior margin 
is narrowly rounded and rather rostrate, the upper posterior 
margin gently concave. There is a small anterior ear Avith a deep 
byssal notch beloAV it. The surface of the shell generally bears a 
broad shallow median sulcus, and is smooth (exce 2 :)t for finely set 
groAvth-lines and occasional irregular groAvth-furrows). The shell 
is thin and jfiaty in structure. 

Dimensions. — A left A’^ah’^e measures in length 87 mm.; 
height =24 mm.; depth =18 mm. A right A^alve in length 
=31 mm. ; height = 24 mm.; depth = 8 mm. 

Locality. — Five specimens comprising three separate left 
A^alves, one right A^-alve, and one Avith both A’alves conjoined but 
rather crushed, Avere collected by Prof. P. Marshall north of 
Sandy Bay, half-a-mile south-AA^est of Roaring Bay, south of 
Nugget Point in the South Island. All are from a bed about 
3 to 4 feet thick near the middle of the Jurassic sequence. A 
cast of both A^alves, rather distorted, 25 mm. long, comes from 
Kawhia Harbour; but the exact locality of it is, unfortunately, 
lost. 

Remarks. — These shells belong to an apparently edentulous 
bival\"e the characters of wliich are sufficiently obscure ; but 
it seems to he attributable p»i*ovisionally to the genus Aucella, 
on account of the platy structure of the shell and the presence of 
an auricle in the right valve. The characters of the shape, how- 
ever, are not those of Ancella, and it is probable that it belongs to 
a new and uncloscribed genus AAffiich may be rather distantly 
related to a new genus HoJconinn that I described recently from 
the Carnic Beds of the New Zealand Trias. The specimens, Iioaaj- 
ever, with one or two exceptions, are distorted by cimshing, so it 
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seems undesirable at present to found a new genus until more 
material is forthcoming. 

It seems to be individually variable, as are so man^’" of the 
bivalves in the Trias and Jura of New Zealand, as regards iDosition 
of the beaks, develo]pment of the posterior concave area and 
of the sulcus on the surface of the shell, and in the degree of 
inflation of the valves. 


‘ PsBirnoMONOTis ’ sp. nov. (PI. XV, figs. 6~0.) 

Des cription. — Shell thin, elongate, roughly oval in outline. 
Beak of the left valve small, situated about the middle of the 
hinge-line, and only projecting slightly above it, the hinge-line 
being straight or slightly curved. Behind the beak is an obtusely 
angular wing, the outline of which in some specimens is scarcely 
difierentiated from that of the shell-margin. The wing is devoid 
of radiating ribs, but the concentric growth-ripples pass over it. 
The lower postei-ior margin of the shell is produced, and is broadly 
though well rounded. The lower margin is gently rounded, while 
the anterior margin is produced and narrows somewhat, but is 
well rounded. The surface of the left valve is gently rounded ; 
that of the right valve is flatter, though still rounded. 

Numerous even and equidistant rounded ribs start from the 
beak, and pass to the margins. At varying distances from the 
beak secondary ribs are intercalated which pass to the margins, 
but do not always attain the strength of the j^rimary ribs. Seventy- 
five ribs were counted round the margin of one specimen. Towai’ds 
the posterior wing and the posterior hinge-area the ribs become 
weaker, and finally disappear. They are widest and most pro- 
minent on the anterior portion of the valves, and gradually 
decrease in size posteriorly. Growth-ripples occur near the beak, 
and rather widely and irregularly spaced concentric ridges occur on 
the body of the shell, tending to cut the ribs into nodes. 

The beak of the right valve does not project ajDpreciably above 
the hinge-line. 

Dimensions. — The left valve (fig. 6) is 50 mm. long and 
30 mm. high. 

Locality and horizon. — The sloi3es of Flag Hill in the 
Hokonui Hills, in a fine-gi’ained yellow sandstone. Gallo vian (?). 
Several specimens of all sizes were collected, both left and right 
valves. ® 

Hemarks.^ — Sir James Hector ^ illustrates a left valve of this 
shell, calling it ^ JPholadomya, (?y , I can find no described species 
resembling this form. ^ Its rounded oritline difierentiates it 
strongly from the species of JPseudomonofis that occur in the 
New Zealand Trias ; but, in tlie present state of nomenclature, 
it must apparently be ranged under that generic name. 

^ ‘ OataL Ind, & Col. Exhibition ’ 1886, p. 60. 
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PSEUDOMONOTIS cf. ECHiNATA Sowei’by. (PI. XIII, figs. 14 & 15.) 

Description. — Left vaL’-e swollen, about as wide as high, the 
lower and posterior margins rounded. Numerous fine ribs start 
from the beak, and j)ass to the margins ; they are cut by the 
growth-lines into very small foliaeeous nodes. The posterior wing 
is wide and rather flattened, the anterior less so. The right valve 
is subcircular in outline, rather longer than high, the posterior 
wing flattened, while the surface is well rounded and apparently 
smooth. 

Dimensions. — Left valve =10 mm. in length and nearly 
10 mm. in height. Kight valve =8 mm. in length and 7 mm. 
in height. 

Locality. — A slab of sandstone, with casts of both valves on 
it from which gutta-j^ercha squeezes were made, comes from the 
stretch of coast between Nugget Point and the Gatlins Piver. 
The exact locality is not stated : but the locality-number is 801, 
and the sx^ecimen belongs to the New Zealand Geological Survej^ 

It e marks. — This shell is very nearly related to, if not identical 
with, the well-known European Lower Oolite form. On comparing 
the squeezes with a number of specimens from the Cornbrash of 
Wiltshire in my collection, I can find no important points of 
difterence. If it is identical, it forms an interesting instance 
of extended distribution of a common shell, the more so as some 
palaeontologists hold the view that a form allied to this shell was 
the ancestor of the A.ucellm?- It has been recorded from the 
marine Jurassic of Western Australia. 


OxYTOMA sp. (PI. XII, fig. 9.) 

Description. — Shell small, inflated especially in the umbonal 
region ; the beak scarcely j^rojects above the hinge-line, which is 
straight and prolonged into an acute posterior wing. There is a 
small anterior wing in front of the beak ; the anterior margin is 
nearly straight, the lower is romided, and the posterior margin 
rather produced. The decoration consists of about 24 straight or 
very slightly curved radial ribs, which do not seem to continue to 
the beak. 

Dimension s. — Length=13 mm ; height= 11 mm. 

Locality. — Junction of Tayloi'’s Creek and the Otapiri, 
JPsiloceras Beds. 

Remarks. — This small aviculoid shell rather resembles in 
outline and ornamentation JPseudomotiotis miinsteri Broun, ^ of 
which a left valve is figured by Gottsehe from Espinazito. 
J?. miinsteri is, however, a Lower Oolite shell, while the present 
example, a left valve, is from the lowest Lias. The ribs in the 
present shell seem, however, to be smaller and more numerous. 


^ J. P. Pompeckj, * Ueber Aucellen & AucellerL-ahiiliche Pormen ’ Neues 
Jahrb. Beilage-Band xiv (1901) p* 3S7. 
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OXYTOMA sp. (PI. XIT, figs. 6 & 7.) 

Description. — The beak of the left valve is situated about the 
anterior fourth of the hinge-line, and jjrojects very slightly above 
it ; the hinge-line is straight, the posterior wing is sharply 
prolonged, the anterior wing does not project beyond the lower 
anterior margin of the shell. The posterior margin is hollowed 
out below the wing, the lower margin is rounded. Four strong 
sharp raised ridges diverge from the beak and pass to the margins, 
one to the middle of the posterior margin, another, the strongest, 
to the loAver margin beyond which it is prolonged into ii finger- 
like process, and the other two, slightly curved, to the anterior 
margin. Between the main ribs the surface of the shell is 
decorated with very numerous close-set radial ribs ; on the antcri(jr 
and posterior portion of the shell these are all very oven and 
small, but on the median part some of them are rather largei- 
and more prominent than the rest. Growth-furrows occur at 
irregular intervals. The right valve is rounded in outline, consider- 
ably smaller than the left, and is nearty flat. It has a small and 
slightly raised beak which does not project above the hinge- lino, 
and in front of it there is a small rounded anterior auricle with an 
angular indentation below it. The radial ribs correspond with 
those of the left valve, but are faintly marked and do not seem to 
be prolonged much beyond the margin of the valve. 

Dimensions. — Left valve : length =24 mm. ; hoight=21 mm. 
Bight valve : length and height = about 13 mm. 

Locality. — Junction of Taylor’s Creek and the Otapiri ; FsiJo- 
ceras Beds. An impression of a left valve -from which a gutta- 
percha squeeze was made is illustrated in fig. 6. Another si^echnen 
consists of a left valve partly broken away, showing the right 
valve in position (fig. 7), 

Hem arks. — The left valve bears a close resemblance to the 
young portion of a specimen of O. cygnlpes Young <fc Bird from 
the M!iddle Lias of JMarket Harborough (Leicestci’shire). I 
hesitate, however, to ideiiti:^’" it with this well-known species, 
because of its occurrence in New Zealand with ammonites of the 
lowest Lias, and because in one of the JSTew Zealand specimens the 
right valve is much smaller than the left; whereas, in the above- 
mentioned English form, the right valve seems to be about equal 
in area to the left, and to have similarly 2>rolonged ribs. 

0.xrTOMA sp. (PI. XII, fig. 8.) 

Description. — The beak is anteriorly situated, and is well 
differentiated from the rest of the shell. It is narrow and 
inflated, and projects slightly above the straight hinge-line. 
There is a blunt rather flat posterior wing, with a slight marginal 
excavation below it. The lower jDOsterior margin is slightly T^i"o- 
duced, the lower margin gently rounded and somewhat ])i’ 0 (luced, 
the anterior margin gently rounded, and there is a small anierior 
wing. The inflated beak merges gradually into the surface of tlie 
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shell, which becomes rather flattened towards the margins, hut 
slopes steeply down to the posterior wing ('svhicli is devoid of ribs). 
About fifteen radial ribs are present, which become rather stronger 
and are gently curved on the anterior part. 

Dimension s. — Len gth = 24 mm. ; height =21 mm. 

Locality. — Junction of Taylor’s Creek and the Otapiri, Hoko- 
nui Hills. JPsiloceras Beds. 

Be marks. — The only sjDecimen is a left valve with the shell 
dissolved away. Other less jjerfect casts and impressions may 
belong to the same form, but the condition of the material makes 
it undesirable to attach a specific name to it. It seems to bear 
some resemblance to a form described from Cretaeeo- Jurassic 
deposits of Queensland as O. rocTcioooclensis B. Etheridge fil.^ 

OXYTOMA sp. (PI. XIII, fig. 10.) 

Description. — A single left valve is gently and regularly 
rounded, especially in the umbonal region. The beak is anterior, 
and projects very slightly above the straight hinge-line. Behind 
it there is a prolonged angular wing, well differentiated from the 
rest of the shell. Below the wing the posterior margin of the shell 
is considerably produced. The lower margin is gentl}^ rounded, 
and the anterior margin is also gently rounded with hardly any 
trace of an anterior projection. The ornamentation consists of 
about eleven radial ribs that start from the umbo and pass to the 
margins, where they are continued as short blunt prolongations. 
All the ribs are rounded and rather faint, some more so than others, 
and they are smaller and closer together on the anterior than on 
the xiosterior ]3oi*tion of the shell. Very faint radial ribs are 
intercalated between the main ribs. 

Dimensions. — Length =34 mm. ; length of hinge-area = 
23 mm.; height =26 mm. 

Locality. — Southern shore of Kawhia Harbour, probably 
Totam Point. 

Be marks. — It is useless to burden nomenclature with new 
specific names for these shells. This valve, ^ which belongs to the 
New Zealand G-eological Survey, bears comparison with Avicula 
cosfata Sowerby, a Bathonian species, of which Gottsche ® figui*es 
two casts of two left valves from Espinazito in the Andean 
Cordillera. The beak in the New Zealand specimen is more 
anteiuor than in either of Gottsche’s figures, but this seems to he a 
variable feature, 

Pteria cf. CONTORTA Portlock. (PL XII, fig. 10.) 

1843. ‘Beport on the Geology of Londonderry ’ p. 126 «& pi. xxva, fig. 16. 

Description. — A single left valve, preserved as an internal cast 

1 * Geology & Palssontology of Queensland * 1892, p. 448 pi. xxiv, fig, 15. 

^ It is apparently the original of a figure in J. Hector, * Catal. Ind. & Col. 
Exhibition* 1886, p. 69, labelled ‘’Avicula cyni%>es [sic] var.’ 

® ‘ Jura-Versteinerungen aus der Argentinisehen Cordillera * PalsBontogra- 
phica, Suppl. iii (1878) pi. vi, figs. 16 & 17, 
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in a gritty felspathie conglomerate. The beak projects well above 
the hinge-line, and is anteriorly situated. The hinge-line is 
straight, produced, and pointed behind. The anterior and lower 
posterior margins consist of one almost semicircular curve. The 
shell is somewhat produced behind ; the valve is well swollen, but 
flattens out posteriorly. The primary ribs commence at the beak ; 
about twelve ribs are visible, round the margin, each alternate 
one of which seems to begin about half-way from the beak. 

Dimensions. — Length = 15mm. : height = 13 min. 

Locality. — ' Trigonia ’ Beds, slopes of the South Peak, Ben- 
move (Hokonui Hills), in beds said to be of Kinetic age. Collected 
by A. McKay in 1878. 

Bemarks. — Having only a single left valve, I cannot be certain 
as to the species of this shell ; but it is strongly reminiscent of 
some specimens of the familiar JPteria contorta. The ribs are 
not quite so numerous as in most examples, and the shell is not 
so narrow : that is, the posterior margin does not appear to follow 
the semicircular outline of the anterior and lower margin, as it 
does in typical specimens of contorta. 

However, it seems to belong to that group, and the occurrence 
of a series of beds with Pz5. contorta in Kew Zealand is not 
improbable, since they have been traced in Ux^per Burma. The 
specimen now described is not unlike an internal cast of a left 
valve figured from that district.'^ 

Ikocebamits cf. GAiiOi G. Boehm. (PI. XV, figs. 1 & 2.) 

190'?. * Die Siidkusteii der Sula-Inaeln Taliabu <& Mangoli ’ p. 68 & pi. ix, 
figs. 10-14, pi. X, figs. 1 a-1 c, 2. 

Descrix^tion. — Shell subtriangular in outline, elongate, 
tapering gradually; the beaks are very anterioi’, shaip, ])ointed, 
and produced. The hinge-line is very gently curved, and seems to 
have occux^ied rather more than a thii’d of the length of the shell. 
The posterior margin of the shell is gently curved, the lower or 
hinder margin rounded and nearly semicircular, the anterior 
margin helow the beak stiuight or slightly concave. In the 
neighbourhood of the beaks the shell is somewhat arched and 
swollen, but flattens out towards the hinder margin. The hinge- 
margin makes an angle of about 40° with the anterior margin. 
In my specimens neither the test nor the ligament-x:)its are Avell 
seen. 

Dimensions. — Length from beak to lower mai'gin= about 
100 mm. ; greatest width = about 49 mm. 

Locality. — Totara Point, Kawhia, where the shells are rather 
common in the fine-grained glauconitic sandstones. Pi’of. Marshall 
sends me a specimen from Kerrs, south-west of Nugget Point, in 
the south-east of the South Island, in a similar matrix. 

Kemarks. — The Inocerami at Totara Point differ from the 

1 Maud Healey, ‘ Fauna o£ the ISTapeng Beds ’ Pal. Ind. vol. ii, ISTo. 4 (1908) 
ph V, fig. 8. 
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typical specimens of Inoceramus haasti at Kohai Point in being 
more elongate and narrower, and having much more acute beaks 
and more numerous concentric ribs, which are about equal in 
width to the furrows between them. 

The form now described occurs on a lower horizon than I. haasti, 
of which it may be an ancestor. There are two specimens in my 
collection, and one from Kerrs belonging to Prof. Marshall. They 
bear a close resemblance to JBoehm’s figures (pi. ix, fig. 12 & 
pi. X, fig. 1). His description of the species w^as drawn up from 
115 specimens which he collected on the Wai Galo, where he 
describes the river-bed as being paved with them, specimens of 
various sizes occurring in clay-limestone nodules. 

He remarks that the species is reminiscent of I. retrorsns 
Ke^^serling ; but he makes no mention of -any resemblance to the 
Hew Zealand shell I. haasti. He figures tw’o other species : 
namely, I. taliahuticns Bcehm and I. sulariim Boehm, from the 
same locality ; but in both of these the angle between the hinge 
and the anterior margin is much greater than it is in either 
J. galoi or I. haasti. Boehm’s figure of I. galoi (pi. ix, fig. 14), 
in the width of its shell and the wide spacing of the sharp con- 
centric ribs, is very reminiscent of a small specimen of I. haasti. 

Inoceramus haasti Hochstetter. (PL XV, fig. 3.) 

K. A. von Zittol, ‘ Palaontologie von Neu-Seeland ’ 1864, p. 33 & pi. viii, 
figs. 5 a-5 c. 

Description. — Outline suhtriangular, the hinder and lower 
margins well rounded, the anterior margin rather concave. The 
beaks are pointed, slightly rolled, and the shell in the neigh- 
bourhood of the beaks is well inflated. The ornamentation consists 
of seven or eight coarse concentric ribs, rather irregularly spaced, 
especially towards the margins, the interspaces being strongly 
hollowed out. On the young shell the ribs are low and rounded, 
and not at all sharp or prominent, hut increase after the shell has 
attained a length of about 25 mm. 

Dimensions. — Length = about 106 mm.; greatest width = 
about 62 mm. 

Locality. — Kobai Point, Kawhia, with Aucellcs of the group 
represented in PI. XVII, figs. 4—8, called A. plicata Bcnhm. 

Ke marks. — Zittel, whose specimens are recorded from Takatahi, 
east of Kohai Point, says that only very incompletely preserved 
easts were at hand, and therefore no determination could be made 
with certainty- The whole surface was ornamented with very 
strong concentric folds which spring rather strongly forwards. 
The shape reminded him very much of I. crippsi and other related 
forms from the European Ci'etaceous. Boehm, who had 22 
specimens which were collected for him by the late Mr. H. Suter 
at Kohai Point and southwards, and between Captain King and 
Totara Point, remarks that the form is triangular, and therefore 
can hear no rcdation to T, cHppsi. His largest specimen was from 



the last locality, was 18 cm. long and 10*5 wide, and had attached 
to it Aibcella j^liectta, several MTiynclionellcs, and a fragment of a 
helemnite. 

My experience is that the Inocerami at Totara Point are veiy 
much more like 1. galoi than are the specimens of 1, Intasti from 
Kohai Point, although, as I have previously remarked, one of 
Boehm’s figures of J. galoi is very like a small J. liactHti, 

Pecten (CAMPTOJfECTEs) cf. EEXs J. Sowerhv. (PI. XIII, 
fig. 11.) 

Description. — The beak of the left and convex valve is small, 
and projects rather above the hinge-area. The surface of the 
shell is rather stroiigl3" arched in the region of the beak, but 
becomes gentl}^ rounded towards the margins. The right valve is 
much flatter than the left, and the beak less prominent. The 
surface of the left valve is decorated with fine radial ribs which 
diverge from a median line, and sweep regularly with a gentle 
curve towards the anterior and posterior margins. About the 
median line thej^ tend to become wa\y, the waviiiess being most 
pronounced from about the middle of the shell to the lowei* 
margin. The ribs cover the whole surface of the convex valve, 
and the fine closely-set growth-lines tend to cut them up into a 
series of very small nodes. Larger interruptions of growth occur 
at varying intervals. The ornamentation of the right valve is 
similar hut less pronounced, and parts of the shell about the beak 
and median line are almost smooth. 

Dimensions. — Length = about 39 mm. ; height=40 mm. 

Locality. — Totara Point, Kawhia; one specimen with part of 
both valves (unfortunately rather damaged round the margin and 
wings), and another imperfect right valve. 

liemarks. — This shell belongs to the group of .P. Jens, but 
its fragmentary condition forbids an exact specific determination. 
Several Pectens of this group ai'e recorded from Puente del Inca 
and Espinazito in the Argentine Cordillera. ^ P. lamiuofus 
Sowerby occurs at Espinazito. 

PeCTEK (SYIfCrCEONEMA) sp. (PI. XV, fig. 4.) 

Description. — Shell rather thick, subcircular in outline, de- 
pressed, beak .small; the ears are small, approximately equal in 
size, their outer borders curving slightly downwards from the 
beak, the extremities somewhat raised. The shell-surface is gently 
rounded and smooth, with one prominent growth-interruption and 
other faint growth-lines which are visible also on the ears. 

Dimensions. — Length =20 mm. ; height=20 mm. 

Locality. — Flag Hill, Hokonui Hills. Callovian (?). 

Remarks. — Only one valve has been obtained, probably a left 
valve ; the drawing was made from a gutta-percha squeeze. This 
shell seems to belong to the group of P. clemissi^s Phillips. 

^ C. G-ottsche, ‘ XJeher J* ura- Verateinerxmgen aus der Argentinisclieu Gor- 
dillara ’ Palasontographiea, Suppl. iii (1878) p. 40 & pi. v, %. 16, &c. 



A poorlj-preserved I^ecten, which uvay belong to this genus, 
occurs in the I*siIoceras Beds at Tavlor's" Creek, in the Hokonui 
Hills. 

Pletjromta sp. 

Description. — Shell thin, beaks almost anterior, anteriorly 
directed, tapering rapidl}^ close together and rather inrolled. 
There is a sunken area in front and below the beak, and behind 
it the hinge-area is much sunken. The lower margin is nearly 
straight, the lower anterior margin is bluntly rectangular and 
projects beyond the beak, the front margin is gently concave. The 
shell is seemingly closed all round, presumably edentulous, and 
seems slightly inequi valve, the left valve being ai^parentl}^ some- 
what the larger. The surface is decorated with fine growth-lines, 
and the whole surface is more or less irregularly furrowed con- 
centrically, some S23eciinens much more so than others. 

Dimension s. — Length = about 50 mm. ; height = 85 mm. ; 
diameter of both valves = 80 mm. Another specimen is 40 mm. 
long, 30 irim. high, and 25 mm. in diameter. 

Locality. — Totara Point, Kawhia. 

Kemarks. — Several specimens of this P I euro mi/ a Aike shell 
were collected. The whole series seems to belong to one species, 
despite the individual variation that has been mentioned. Tliey 
are much crushed in various directions and otherwise damaged, 
and therefore it is not advisable to make an}^ specific determina- 
tion. One of them recalls somewhat a shell called ‘ 3Iitctro- 
mi/a (?) sp.,’ which Gottsche figures from the Lower Oolite of 
EsiDinazito, in the Argentine Cordillera.^ 

Trtgonta kawiitana, sp. nov. (PL XIII, figs. G-9.) 

Description. — Beaks anteriorly situated, not very prominent, 
flattened and eomp]*essed. The anterior margin slopes rapidly 
down from the beaks and is gently rounded, the lower margin is 
gently rounded, the posterior broadly' rostrate and rather angulate 
below. The areal margin behind the beaks is rather concave. A 
slightly raised rounded ridge cut by the growth-lines into folia- 
ceous nodes sweeps from behind the beak to the lower posterior 
margin, separating the shell into an anterior gently rounded i^ortion 
and a flatter posterior areal portion. The latter has a faint furrow 
passing down it, situated rather nearer to the areal margin than 
to the ridge. The posterior sindace is decorated with fine, rather 
closely-set, equidistant, foliaeeous growth -I'idges. 

The main anterior part of the shell is ornamented with nine or 
ten primary ribs that radiate downwards from the region of the 
beak and from the anterior side of the ridge. These large primary 
ribs are confined to the posterior jmrt of the shell in front of tlie 
ridge behind and below the beak, and only the last three or four 
of them continue to the lower margin. In front of the beak 
another series of finer hut rather sharp raised ribs j^ass from the 
Op, cit. p. 33 & pi. vii, %. 3. 
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anterior margin downwards and backwards ; where they meet the 
larger ribs they form an acutely angular V-shaped decoration, 
which is specially mai'ked in that part of the shell that lies just 
below and behind the beak. 

All the ribs are more or less cut by the growth-lines, which are 
sharp and regular, forming a finely nodose ornamentation in front 
of the primary ribs in the low'er half of the valve. The nodes 
often conjoin, and become elongated in tlie direction of the 
growth-lines. Nothing of the dentition could be seen. 

Dimensions. — Length = 21 mm.; height =18 mm.; another 
specimen is IS mm. long and 12 mm. high. 

Locality and horizon. — Southern shore, Kawhia Harbour. 
All the specimens belong to the New Zealand Geological Survey. 

I did not find any ; but, as several species of fossils thtit 
Prof. Marshall and I collected at Totara Point occur in tlie same 
pieces of rock with them and the matrix is similar, it seems that 
these Trigonias are from some exposure at or very near Totara 
Point. 

Remarks. — These Trigonias generally are poorly preserved ; 
but, by dissolving the shell with weak acid from the cavities in 
the fine-grained greywacke, and making gutta-percha squeezes, 
one can recover the rather complicated surface-ornamentation. 

They belong to a group of which several forms have been 
described from the Bathonian and Lower Oolite of JEspinazito in the 
Argentine Cordillera. These are Trigonia f7'G&longa Gottsche; 
T. rectangularis Gottsche; T, lyoetti Gottsche; T, signata 
Agassiz ^ ; T, exotica Steinmann ; and T, gottsohei Mdrieke.^ 

The New Zealand form is rather similar in some ways to 
T. Igcetti from the Lower Oolite of Espinazito, but is much 
smaller than the largest specimens of that species, which has two 
furrows on the areal region. The nature of the ribs that sirring 
from the main ridge also is different. 

In shape it rather resembles T. exotica ; but the number of ribs 
in that species is less, they are broken up into larger nodes, and 
the V-shaped decoration is Jess strongly marked. 

The South American form which it most closely resembles in 
ornament is T. goftschei ; but that is a veiy much more elongate 
shell, and has two furrows passing down the aim as in T. lycetti, 
while the shell here described has only one. 

T. rectangularis is a shell that agrees in general size and out- 
line with the New Zealand form; but the decoration is much 
simpler, and the V-sliaped eostation is much less acutely angular, 
being practically a right angle. 

The decoration of all these Trigonias refers them to the group 
of the Undulatae, of which two of the best-known members are 
T, literata Young & Bird, from the jurensis zone of Yoidcsbii-e, 

^ 0. Gottsche, ‘Ueber Jura-Versteinerung-en aus der Argexitinischen 
Cordillera ’ PalsBontographioa, Suppl. iii (1878) pp. 24-27 <fc pi. vi. 

2 W. Moricke, ‘ Versteinerungen des Lias & XJuteroolith von Chile * Neues 
lahrb. 1894, pi. vi, figs. 7-9, 
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and T. V-costata Morris <fc Xiyeett of the * Lower Oolite.’ Q-ottsche 
records the similarity of T. lycetH to T. V~costafa. 

Hector’s ‘ Trigonla navis var.’ i is apparently intended to 
represent the shell now described. 

Astarte. 

Dr. Karl Holdhaus recorded and described four species of 
Astarte from the Spiti Shales.^ These are A. hermanni Oppel, 
A. sotverhgana Holdhaus, A. scytalis Holdhaus, and A. spitiensis 
Stoliczha. The first two are very similar one to the other, and 
the last is said to be distinguished from them by its shell being 
higher and having a more rounded outline. 

Holdhaus remarks that these Spiti species of Astao'te are not 
clearly related to any extra-Indian forms, and, owing to his lack 
of o^Dportunity of examining the specimens, it is uncertain whether 
or not A. hermanni . and A, sowerhyana may be identical with 
A. %vnilateralis Sowerby and A. minor Sowerby from Kach. Bv 
comparison with Sowerby’s illustmtions, however, it is suggested 
that this may be so. 

Several Astartes that I collected at Totara Point undoubtedly 
belong to this group; but, -owing to the fact that, except in two 
or three instances, the shell is broken round the edges, an abso- 
lutely certain specific attribution is not advisable. 

Astarte spitiensis Stoliczka. (PI. XIII, figs. 1 a & 1 b.) 

1866. Mem. Geol. Surv. India, vol. v, p. 91 & pi. ix, fig. 9. 

1913. K. Holdhavxs, ‘ Ptumaof tli© Spiti Shales (Lamellibi*anohiatfi <& Gasteropoda) ’ 
Pal. I lid, sar. 15, vol. iv, pt. ii, £asc. 4-, p. 444 & pi. c, figs. 4-8. 

Description. — Beaks anteriorly situated, small, projecting 
considerably above the hinge-line. The latter is very slightly 
curved, and occupies about two-thirds of the length of the shell. 
The upper posterior -mai’gin is bluntly angular, the posterior 
margin gently rounded, the lower margin well rounded, the 
anterior margin I'ather pi'oduced and rounded. In front of and 
below the beak is a sunken heart-shaped lunule, forming a rounded 
excavation that extends over less than a quarter of the height of 
the shell. The surface of the shell near the umbones is i'ather 
flattened, the flattening extending nearly to the level of the lower 
part of the lunule. The flattened part is decorated with more or less- 
equidistant, prominent, and rather foliaceous growth-lines. Below 
this the surface is gently rounded, and has a very faint angulation 
extending from behind' the beak to the lower posterior margin. 
It is decorated with closely but irregularly set growth-lines which 
vary in strength. On the posterior part between the angula- 
tion and the hinge-line they are very closely set and rather 

1 * Catal. Ind. & Col. ExMb.^ 1886, p. 69, fig. 3. 

® * Fauna of the Spiti Shales (Ijamellibranchiata <& Gasteropoda) * PaL 
Ind. ser. 15, vol. iv, pt. ii, fasc. 4 (1913) p. 440 & pis. xoix-o, 

Q. J. G. S. Ho. 315. 
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foliaceoxLS, but are much weaker than on the flattened part below 
the beaks. 

Dimensions. — Length=52 mm. ; height=45 mm.; diameter 
of both valves =27 mm. 

Locality. — Totara Point, Kawhia. 

Remarks, — This shell agrees closely in outline and ornamen- 
tation with JL. fipitiensis (especially Holdhaus, pi. c, fig. 4 «), and 
I have scarcely any doubt that it is specifically identical. 

Astarte cf. SOWERETANA Holdhaus. (PL XIII, fig. 2.) 

1913, * Fauna of the Spiti Shales (Lamellibranchiata & Gasteropoda) * 
Pal. Ind. ser. 15, vol. iv, pt. ii, fase. 4, p. 443 & pi. xcix, figs. 12, 
13, 15, pi. c, fig. 1, 

Description. — This shell agrees in general features with that 
just described, but is smaller and has been apparently more elon- 
gate ; the surface is more rounded, and the portion below and 
adjacent to the beaks is less flattened. The hinge-margin pos- 
terior to the beaks seems rather more curved. The surface is 
covered with somewhat prominent irregularly-spaced growth-lines, 
which vary in strength. 

Dimensions. — Length=46 mm. ; height=:35 mm. ; diameter 
=25 mm. 

Locality, — Totara Point, Kawhia. 

Remarks. — This specimen seems to approach nearest to the 
species of Holdhaus, especially the specimen that he figures in 
pi. xcix, fig. 15 a. It may also be compared with a specimen of 
Astarte hermanni Oppel in the same plate, fig. 14 

Astarte cf. SCTTALIS Holdhaus, (PI. XIII, fig. 3.) 

1913. * Fauna of tiie Spiti Shales (liamellibranchiata & Gasteropoda)* 
op. cii, p. 444 & pi, o, figs. 2—3, 

Description. — Shell elongated, surface gently rounded; the 
part below the beaks is hardly perceptibly flattened, hut bears 
widely spaced and regular gi'owth-lines. On the remaining 
surface of the shell the growth-lines ai'e prominent, closely set, 
and irregular in strength. 

Dimen si.on.s. — The specimen under description is much broken, 
but has been about 57 mm . long, 40 mm. high, and 24 mm. in 
diameter across the two valves. 

Locality. — Totara Point, Kawhia. 

Remarks. — This specimen, or what remains of it, closely 
recalls that figured by Dr. K. Holdhaus, pi. c, fig. 2 a. 

Astarte (Opis ?) morgani, sp. nov. (PL XIII, figs. 4«, 4 5, 

& 5.) 

Description. — Shell thick; beaks prominent, pointed, taper- 
ing, close together, enclosing below them a deep, heart-shaped, 
lunular depression, A rather prominent, angular, blunt ridge 
•commences behind the beak, and. passes with a gentle curve to 
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tlie posterior lower margin, separating the shell-surface into two 
parts. That in front of the ridge is gently rounded, that behind 
it is somewhat flatter or gently curved. The i^osterior margin of 
the shell is obtusely angular, the lower margin is gently rounded, 
the anterior margin is rather produced, and is gently rounded below 
the lunule. The inner margin of the valves is somewhat deeply 
pitted or crenulated. The surface is decorated with fine, closely- 
set, rather foliaeeous, concentric ribs, some of which are more 
prominent than others. The ribs continue across the ridge on to 
■the posterior area, whei'e they become somewhat sharper and more 
foliaeeous. 

Dimensions. — The shape is rather variable; some specimens 
.are higher than others, and have a more prominent beak. One 
left valve is 28 mm. high, 24 mm. long, and 9 mm. deep. 
Another, with both valves in apposition, is 22 mm. high, 26 mm. 
long, and one valve is 7 mm. deep. Another imperfect right valve 
is 31 mm. long and of about the same height. They all, how- 
ever, appear to represent one species. 

Locality. — Totara Point, Elawhia, where specimens are rather 
-common. 

Remarks. — About eight specimens were collected. The cor- 
•diform aspect of the two valves when conjoined, and the deep 
lunule bordered by a rather sharp ridge suggest the genus Opis 
•rather than Astarte. I cannot find any species described from the 
iSpiti Shales or elsewhere that resembles it. 

I have pleasure in naming this species after my friend, Mr. P. 
'G-. Morgan, the Director of the New Zealand Geological Survey. 

(d) BracMopoda. 

IRhynohonella sp. (PI. XYI, figs. 8 « & 8 5.) 

Description. — Shell subtrigonal in outline, about as wide as 
long. The beak is small, tapering, not bent over the dorsal umbo. 
Yalves inflated, especially towards the anterior }?ortion, the dorsal 
more so than the ventml. The dorsal valve has a short median 
fold which only continues for a short distance from the anterior 
mai'gin, and on either side of it a similar but rather larger fold 
that continues about half-way to the beak. These folds enclose a 
rather shallow angular sinus on each side of the median fold, and 
this part of the shell towards the anterior margin is raised and 
flattened, and is bordered by steep slopes. The ventral valve has 
.a short median sulcus bordered by two short rounded folds, on 
•each side of which again is a shallow sulcus. All these occupy 
that part of the shell which borders the anterior margin. There 
is a broadly rounded fold on each side forming wing-like projec- 
tions, and a broad, shallow, rounded, median fold which continues 
nearly to the beak. There are sharp dental plates in the ventral 
valve, and a short median septum in the dorsal valve. 

Dimensioi3is.-r-Length=19 mm, ; width =20 mm.; thickness 
=10 mm. 



1_V01. IXXIX^ 


Locality.: — Lower slopes of Flag Hill, Hokonni Hills; in 
sandstone. Gallo vian (?). 

Kemarks.^ — -One specimen, rather crushed laterally, consists of 
a cast, the test missing. Mr. Buckman writes that it has quite a 
remarkable likeness to Hhy^iehonella funiculata Deslongchamps. 
of the Gallo vian. 

BHYNCHOUfELLA Sp. (PL XVI, figS. 9 & 10.) 

Description. — Outline tiuangular or ■ subpentagonal, wider 
than long. Valves fairly well inflated, the dorsal more so than 
the ventral, beaks small and tapering rapidly. The dorsal valve 
has a median raised and flattened anterior portion, upon which in 
one specimen are two, in another four folds, which continue nearly 
to the beak but become gradually weaker. There are two rounded 
lateral folds, which continue nearly to the beak. The ventral 
valve of one specimen has one, another has three median folds 
which continue to the beak, on each side of which are lateral 
rounded folds that pass about two-thirds of the way to the beak. 

Dimensions. — Length=15 lum. ; width=lS mm. ; thickness 
= about 9 mm. 

Locality. — Lower slopes of Flag Hill, Hokonui Hills ; in sand- 
stone. Gallovian (?). 

He marks. — I have two internal casts, both a good deal crushed, 
which may belong to one species, although one has more and 
sharper median folds than the other. Mr. Buckman writes that 
they exhibit "Dhe general aspect of Gallovian Khynchonellae, but 
the internal details (such as they are) diflIer. The New Zealand 
specimens show short dental plates doubtfully divergent, and a 
very short dorsal septum about a quarter of the length of the 
valve. Dr. F. L. Kitehin ^ describes a species, Ith. paticipllcafa, 
as having Avell-developed dental lamellae and a median dorsal 
septum about a third of the length of the dorsal valve. The 
specimen (fig. 9), if uncrushed, would resemble in general outline 
Dr- Kitchin’s fig. 4 ; but in the Indian examples the rib.s are 
developed only in the region of the frontal and lateral margins, 
while in the New Zealand examples they extend nearly to the 
beak, 

BhyitchojSella sp. (PI. XII, fig. 5.) 

Description. — Shell subtriangular in outline, the sides sloping 
straight away from the ventral beak. The latter is slightly in- 
curved, but the delthyrial region is hidden in the matrix of the 
specimen. Both valves are about equally inflated. On the ventral 
valve, which is gently rounded, there 'is a broad median sulcus 
which extends about half-way to the beak, and has five low 
angular folds on it which disappear or merge into the smaller ribs, 
about half-way to the beak. Two angular folds appear on each 

^ ‘Jurassic Fauna of Kutoh : BraoHopoda’ Pal, Ind, ser, 9, vol. iii, pt. i 
(1900) p. 70 & pi. sv, figs. 4, 6, 8. 
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•sicie of the median depression, but these also disappear, as do the 
median folds. ITifteen or twenty very much smaller rounded 
ridges diverge from the beak ; but, rather more than half-way to 
the anterior margin, they disappear, or become merged into the 
larger angular folds already mentioned. 

Dimensions. — Length=12 mm. ; widths 15 mm. ; thickness 
= 7 mm. 

Locality. — Junction of Taylor’s Creek and the Otapiri. 
JPsiloceras Beds. 

Bemarks. — ^Mr. S. S. Buckman writes, regarding the specimen 
that I submitted to him, that it is a E.h3’'nehonelIid with conju- 
gate or rimosiform ribbing. Very few European Bh 3 mchonellids 
are known from the Hettangian, and he doubts whether there are 
any with rimose pattern. The New Zealand form is quite distinct 
from the ^h.-rimosa Yon Bueh and JEtli,-furcillcita Theodori 
groups of the Charmouthian— Domerian. 

BHYisrcHONELiiA (Cryptoehykchia) kawhiaxa, s-p. nov. (PI. 

XVI, figs. 1-3.) 

Description. — Shell rather wider than long, valves inflated, 
the dorsal considerably moi'e so than the ventral. The gi’eatest 
convexity occurs about the middle of the dorsal valve. The beak 
is small, sharp, not prominent, and projects slightlj'' be^^ond the 
ventral area ; it is not much incurved, leaving an open delth^adum 
arid foramen and a ventral area shorter than the width of the 
.shell, striate parallel to the hinge-margin, with rather foliaceous 
lines. The dorsal valve is well and regularly rounded, and bordered 
by steep slopes. The ventral valve has a broad median sulcus with 
.a broad fold on each side, all of which merge into the rounded 
surface of the valve. The surface of both valves is decorated with 
fine, regular, rounded ribs, all about equal in size, that diverge 
from the beaks. These are cut by the concentric growth-lines 
and are prolonged, esj)ecially towai’ds the margins, into a number 
•of solid spines. On one specimen completely detached from the 
rock (fiig. 2) the spines are missing ; on another (fig. 1) they are 
4 mm. long ; on a third (fig. 3), where the shell has been com- 
pletely crushed and the spines^ preserved in the rock, one spine is 
9 mm. long. There is a faint, short and sharp, dorsal median 
•septum, apparently less than a quarter of the length of the 
valve. 

Dimensions. — Length =14 mm.; width =17 mm.; thickness 
=11 mm. Another specimen is 18 mm. long, 22 mm. wide, 
:and about 14 mm. thick. 

Locality. — Totara Point, "Kawhia. 

Be marks. — The occurrence of a spiny JELhynolionella in New 
Zealand is rather remarkable, and on collecting it I was naturallj’' 
reminded of the genus A-cantliothyris. I am indebted to ]Mr. 
Buckman, however, for the suggestion that it is probably a 
spinous development of the Indian MhyncTionella pulcherrima 



iJJtt. U. T. TKEOBLMANN ON THE LVOl, iXXlX^' 

Kitcliin,^ or some closely -allied form. Dr. Kitchin, in a letter to- 
Mi\ Buokman, concurs with this suggestion. 

One specimen (fig. 2) agrees in some respects with Kitchin’s. 
pL xi, fig. 4 ; but, in the New Zealand specimen, the dorsal valve 
is regularly rounded, and not flattened towards tlie umbo as it is 
in Mhynchonella pulcJierrima. The Indian form is confined to 
the upper beds of the Putchum G-roup (Bathonian), where it is 
said to occur in great profusion, 

Tekebkattoa (Kutchithyris) cf. AOUTITLICATA Kitchin. (PL 

XYI, figs. 5-7.) 

*1900. ‘Jurassic. Fauna of Kutoh : Bracbiopoda ’ Pal. Ind. ser. 9, vol. iii, 
pt. i, p. 6 & pi. i, figs. 1-7. 

Description. — Outline subovoid or subpentagonal, in most 
specimens rather longer than wide, in others the length is equal 
to the width. The ventral and dorsal valves are about equally in- 
flated, the dorsal sometimes rather more so than the ventral. Beak 
rounded, not very i^rominent, projecting slightly over the doi’sal 
valve; the aperture encroaches on the umbo, almost concealing the 
delthyrium of the ventral valve. The dorsal valve has two pro- 
minent rather angular folds, which start from tHe anterior margin, 
and pass to about midway between the anterior margin and the 
beak, where they disappear in the rounded surface of the valve* 
They enclose a more or less deep sulcus, and are bounded by broad 
lateral sulci. On the ventral valve a median fold corresponds to. 
the median sulcus of the opposite valve, with a broad sulcus on 
each side of it, and on each side of these is a rounded fold. All 
these folds and sulci disappear rather more than half-waj^ from the 
anterior margin to the beak. Growth-lines are rather coarse and 
irregular at first, but become more prominent, regular, and closely 
set towards the anterior margin of fully-grown shells. 

Dimensions. — Length =34 mm. ; width=31 mm.; thickness 
=about 16 mm. Another specimen is 34 mm. long and wide, and 
about 21 mm. thick at the greatest diameter. 

Locality. — Totara Point, Kawhia. I collected several speci- 
mens, some of which are more or less crushed and distorted, a 
process that often accentuates the folding of the shell. 

Be marks. — Mr. Buckraan writes, regarding three specimens 
that I submitted to him, that his genus IKtiichithyris ^ is founded 
on Kitchin’s species Terehratula aciitijplicata^ to which the New 
Zealand specimens have a most remarkable resemblance. He 
remarks that the short beak approximate to the umbo is charac- 
teristic of JSlufcTiitliyris. Most of the specimens of this anteriorly 
biplicate New Zealand shell resemble that figured by Dr. Kitchin 
in his pi. i, figs. 1-3. One specimen (fig. 6) is more acutely 
biplicate, a feature which does not seem to he entirely due to- 

^ * J urassic Fauna of Kutch : Braohiopoda ’ Fal. Xnd. ser. 9, vol. iii, pt. i 
(1900) p. 52 & pi. xi, fi^s. 1-9, 16. 

* Rec. Geol. Surv. India, vol. xlv (1916) p. 78. 
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crushing, and it recalls in this respect Kitchin’s fig. 6. In the 
Indian examples the ventral valve is said to he always more 
convex than the dorsal ; hut this does not seem to he the case with 
all the llTew Zealand specimens. 

In Kutch this species is confined to the Upper Putchum Peds, ' 
where it occurs in great profusion. 

TeeeeeatuiiA (Heimia ?) sp. (PL XVI, figs. 4 « & 4 5.) 

Description. — Outline ovoid, rather longer than wide. Beak 
not prominent, incurved hut not hent over the dorsal umho, 
although apparently it hides the delthyrium. The valves are 
about equally convex. Surface smooth, except for the growth- 
lines. The dorsal valve has its greatest convexity rather less than 
half-way from the anterior margin to the beak, and neither valve 
bears any plication ; consequently the junction of the valves lies 
in one plane. Shell thin. 

Dimensions. — Length=24 mm. ; width=21mm. ; thickness 
= 10 mm. 

Locality. — Lower slopes of Flag Hill, Hokonui Hills. In 
sandstone. Callovian (?). 

He marks. — I have two specimens: that figured, and another 
one much elongated through crushing. Heither hears the test, 
hut part of the im]Dression remains in the rock. Mr. Buckman 
writes of the specimen, that it hears a considerable likeness to 
T, planiconvecoa Kitchin ^ ; hut it is doubtful whether the New 
Zealand examxole has the necessary convexity of the ventral valve, 
although crushing may have destroyed this. T. planiconvexa 
occurs in the Upper Putchum Beds of Jumara in Kutch. 

Spikipeeina (?) sp, (PI. XYI, figs. 11 « & 11 1.) 

Description. — The ventral valve is semipyramidal in shape, 
with a flat and high triangular area striated or grooved parallel to 
the hinge-line. The hinge-teeth are strong, and are su]Di;)orted by 
two strong dental plates, which seem to join the median septum ; 
this is thin and sharp, and extends for about half the length of the 
ventral valve; The delthyrimn is triangular and open. There is 
a faint, broad, shallow, median sulcus, and on each side of it are 
four or five faint ribs, which mdiate from the beak to the anterior 
and lateral margins. The shell seems to have been thin, but is 
dissolved away, so one cannot ascertain whether its structure was 
j>unctate or not. The surface has two or three well-marked 
growth-interruptions, and was covei’ed with spines, some rather 
large but most of them small, the impressions of which are seen 
with a lens on the mould. The dorsal valve is missing. 

Dimensions. — One specimen, a ventral valve, is 6 mm. long, 
11 mm. wide, and the area is 4 mm. high. Another larger speci- 
men, the cast only of a ventral valve, is 14 mm. long and 20 mm. 
wide. 

^ * Jurassic Pauxia of Kutoh. : Braoliiopoda ’ Pal. Ind. scr. 0, vol. iii, pt. i 
(1900) p. 15 & pi. iii, figs. 4-5. 
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Locality. — Slopes of Flag Hill, Hokonui Hills. Callovian (r'). 

Be marks. — This brachiopod is evidentl^^ a degenerate survivor 
of one of the Spiriferids of the Trias. Old-age features are 
apparent in its covering of spines, and we may note the fact that 
the arrangement of dental plates and median septum is of the 
Cyrtiniform character that is ap^mrent in so many of the Spiri- 
ferinse of the Alpine Bhsetic, and of the New Zealand Trias. I 
have discussed this question in a paper dealing with the Triassic 
brachiopoda.^ 

Since the nature of the shell-structure and of the spiralia and 
the dorsal valve is unknown, it is perhaps of little use to enquire 
further to which of the Triassic forms it may be referred. No 
^pirife7'ina of the Trias that I know of bears' spines. It may be 
related to the spiny shell, JMLentzeliopsis, which is a spinous 
development of MentzeUa\ in that form, however, the hinge- 
plates do not join the median septum, but lie alongside of it. 
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(1) Introduction. 

Dr. Trechmann, who had been favoured with identifications 
from Mr. S. S. Buckman, at first had the intention of dealing in 
the foregoing paper with some of the ammonites that he had 
collected in New Zealand ; but, at bis request, I have undertaken, 
in this appendix, a description of a larger series of ammonites, 
incorporating therewith observations on certain New Zealand 
specimens long since acquired by the British Museum (Natural 
History) and others sent recently by Prof. P. Marshall and the 
•Geological Survey of New Zealand. The examples originally for- 
warded by Dr. Trechmann included five belonging to the genus 
IBsiloceraSt of the Lower Lias, and five ammonites from the 
Upper Jurassic, representing the genera JPhi/lloceraSf Z/liligites^ 
and * ^ulacosp7iinctes\ In addition there were an unidentifiable 
fragment of probably an Upper Jumssic ammonite, from Kohai 
Point, and several Senonian forms, already bidefly mentioned 

^ ‘ The Trias of New Zealand’ J. C. S. vol. Ixxiii (1917-18) p. 215. 
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elsewhere ^ ; further, a Jurassic JE*7iylloc€7'as and a JLytoceras be- 
longing to Prof. Marshall. 

The Liassic ammonites in the British Museum, described below, 
belong to the genera iPhylloceras, Rliacophyllites, and JLytoceras 
(Thysanoceras). There is no detailed information available with 
these specimens, the matrix of which is a hard, dark-green rock, 
•exactly like that of one of the Upper Triassic Pinacoceras recorded 
by Dr. Trechmann,^ or of the Hettangian Psiloceras. These had 
been bestowed among !Neocomian ammonites, perhaps on account 
•of the green matrix, the JLytoceras fragment being labelled 
‘ Crioceras.^ 

With them was the indeterminable impression of an ammonite 
in an unlocalized, similarly hard, compact, dark-green rock. [Two 
-additional examples of probably the same species as the indetermin- 
able impression have, however, been received from the New Zealand 
Geological Survey since these notes were read, and show that 
the ammonite is not Triassic or Liassic, like the other specimens 
pi'eserved in this greenish matrix, but probably entirely new, 
though in ornamentation and suture-line it resembles A.rcticoceras 
or Simhirshites. Four examines of Upper Liassic JDactylio- 
ceras and four more Upper Jurassic Perisphinctids mentioned 
below, were also at the same time forwarded by the New Zealand 
•Geological Survey, and consequently it has been possible to add 
important fresh evidence.] 

There are also in the British Museum two Oxford Clay ammo- 
nites ( Qosmoceras duncani J. Sowerby sp., Nos. 48751 a & h) in 
iron-pyrites, having the aspect of the typical Wolvercote-Summer- 
town example.?. These two specimens, labelled in Dr. Henry 
Woodward’s handwriting ‘ Poverty Bay, New Zealand were 
obtained from Mr. B, Isaacson in 1873 ; but the decomposing 
pyritic condition seems to be different from that which charac- 
terizes anything previously recorded from New Zealand. These 
two specimens, perhaps, had better not be accepted as evidence of 
the presence of Oxford Olay in the t^’^pioal European facies, until 
•confirmed by further collecting, especially since the locality 
Poverty Bay, according to the geological maps, lies in much 
younger rocks. 


(2) Specific Descriptions. 

(A) Lower Lias. 

Genus Psilooeras Hyatt. 

The inclusion, in this genus, of the poorly preserved forms 
figured in PI. XII, figs. 1-4, is tentative, and they ought perhaj^s to 

^ ‘ Cretaceous Cephalopoda from Zululand ’ Ann. South Afr. Mus. vol. 3di 
■<1921) p. 299. A small ammonite in the Sir James Hector Collection in the 
British Museum (C 7618), ‘ probably from Waipara may be a young- Para- 
pachydiscuB or Scaphites, but is rather too immature for identification. 

® ‘ The Trias of New Zealand ' Q. J. 0-. S. vol. Ixxiii (1917-18) p. 179 
((Kaihiku Gorge). 
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be referred to JEuphyllites. Whether the Annamese ‘ I^siloceras ’ 
longijpontinum (Oppel) recorded by Counillon ^ belongs to the- 
same stock is doubtful. Few of the Alpine forms show thickening, 
of the sigmoidal costae at the umbilical end and extreme j)eri- 
pheral projection ; but in the genus JEuphyllifes, which resembles- 
the New Zealand specimens in this respect, the inner whorls are 
constricted. 

The examples now described were first attached to TF{s7tnerocera$ 
[and since recorded as such 2] ; hut the genus IVcBlineroceras was- 
intended to include those forms that like W. eircciGostatiim and 
W. eMracostatum (Waehner) lead up to the typical ScMotlieimla, 
and Wsehner’s very careful researches have shown that in these 
ammonites, before a groove is developed,^ the ornamentation tends- 
to thicken on the periphery, not at the middle of the side as iiv. 
early Caloceratids, or at the umbilical end as in the New Zealand 
forms. Fig. 1 (PL XII), perhaps, most resembles Wcehneroceras in 
costation, or at least forms included by Hyatt in this genus. But 
TFceTinet'oceras megastoma, like ^goceras panzneri Wajhner,'*' 
rather suggests a tendency in the direction of ^seudcstomocet'as 
Spath, and ‘ TV^^shneroceras ’ emmriclii (Griimbel) and ‘ guidon i 

(Sowerby), also included here by Hyatt, lead to the involute 
Psiloceratids of the Jcammer/cerense group, better separated as an 
independent genus DiscampMceras, gen. nov.® The falciform 
striation and plicate ornament of the body-chamber are so distinct 
that Hahn ® was misled into uniting this group with the totally 
unrelated genus Amphiceras G-emmellaro, of the ibex zone. 
Moreover, the suture-line, illustrated in fig. 1 c, is phjdogenetically 
pre-Psz7ocer«s ; that is, of JEjuphyllites type. 

Psii.ooEB.As (Eothtllites ?) sp. nov. ? indet. (PI. XII, figs. 

1 a-X c.) 

The remarkably phylloid, if slightly worn, suture-line of this- 
specimen, labelled Wcehneroceras sp. by Mr. Buckmaii, separates 
the form from any of the known species of the planorhis to 
megastoma zones. The fragment, however, some 55 mm. in 
length, is too incomplete to be named. At the smaller end the 
cross-section is much less elevated than at the larger, and there 
may have been crushing of the periphery. The suture- line is of 

^ * Sur le Grisement Liasique de Hun-Men * Bull. Soo, G<Sol. France, ser. 4, 
Tol. viii (1909) p. 528 & pi. xi, fig. 1, 

® W. 2^. Benson, ® Palasozoic & Mesozoio Seas in Australasia ’ Trans. N.Z. 
Inst. vol. liv (1923) p. 42. 

* See also A. Hyatt, ‘ Genesis of the Arietidas ’ Smithsonian Oontrib. to* 
Knowledge, No. 673 (1889) pp. 57—58. 

^ ‘Beitrag-e zur Kenntnis der Tieferen Zonen des Unteren Lias in den 
Nordostliohen Alpeu ’ pt. i, Beitr. Pal. CBsterr.-U’ng*. vol. ii (1882) p. 81 &- 
pi. XV, fig*. 1. 

® Genotype: Mgoceras Tcamryierkerense (Guembel) Wsehner, ibid. pt. ii,. 
vol. iii (1884) p. 113 & pi. xxv, fig-s. 1-2, 

® ‘ Geologie der Kammerker-Sonntagrshom Gruppe Jahrh. K.K. GeoL. 
Reichsanst. vol. lx (1910) p, 358 & pi. i, fig*. 3 {An^Jiiceras IcammerleereTise), 
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the JEu^iltylli tes type : that is, intermediate between JPhylloceras' 
and JPsiloceras^ and the comparison with WcBTinei'oceras (for* 
instance, the somewhat similar but more closely costate TF. ? toxo-^ 
l^horum Wsehner sp.^ with appreciably difEereiit suture-line) is- 
thus open to criticism. 

Locality. — Junction of Taylor’s Creek with the Otapiri, Hoko- 
nui Hills. 

Horizon. — Lower Lias, Hettangian ; planorhis zone, s, L 
{megastoma hemera). 

PsiLOCEEAS (Euphyllites ?), sp. indet. (PL XII, figs. 3, 4 a,. 

The dimensions of the largest example (fig. 3) labelled W<Blmer^ 
oceras sp. by Mr. Buekman, are : 39, 80, ?, 41.3 Tiie j)eriphery 
is compressed, and the flexicostse are thickened on the inner half of 
the side as in ^gooeras caleimontannm Waehner. The sj)ecimen, 
however, is jDoorly preserved. 

A smaller example (fig. 4a) has the following dimensions: 25, 
40, 31, 34. The last half -whorl belongs to the body-chamber. I 
succeeded in exposing the suture-line of this form, but the drawing 
here reproduced is somewhat restored. It is not unlike that of 
JBsiloGeras emgatum (Bean MS.) Phillips sp. as figm'ed by me,® 
and agrees in general outline and phylloid saddles with the suture- 
lines of JBsiloceras of the megastoma bed from the Pfonsjoch, in 
the British Museum (for instance, Hos. C 13866 & 69 : £*siloceras 
loxoptychum Waehner sp. ; C 13781 : J?. sp. nov. cf. rahana' 
Wsehner sp.), but is still more phylloid than those of typical 
species of TF<sh?ieroceras, 

A small and fragmentary specimen (No. 5), not figured, pro- 
bably belonging to the same foi*m, shows well the fine striation 
that fonns the continuation of the bulging costse of the inner half 
of the sides. This is exactly like the ornamentation of JEuphgl- 
Utes, but JEuphgllites strticJcmanni (Neumayr) ^ has constricted 
inner whorls. 

Locality and horizon as above. 

PsiLOCEEAS sj). cf. CALCiMONTANDM (Wsehner). (PL XII,. 
figs. 2 « <fe 2 5.) 

1884. Mgoceras calcimontanwm Wsehner, ‘ Beitriige zur Kenntnis der- 
Tieferen Zonen des TJnteren Lias in den Nordostlichen Alpen* 
Beitr. Pal. CBsterr.-Ung. voL iii, p. 112 & pi. xxiv, fig. 1, 

Mr. Buekman compared this specimen, of dimensions : 40, 34,. 
33, 41, with ^ JEg oceras megastoma Wsehner, Y, 7’ Mgoceras 

^ Op, cit, pt. a, vol. iii (1884) p. 18 & pi. xii, fig. 5. 

2 Diameter in mm. ; greatest whorl-height, thickness, and nmbilious-'^in 
percentages. 

^ * The Development of Tragophylloceras loscombi * Q. J. G. S. vol. Ixx (1914> 
pi. I, fig. 4. 

* See Wsehner, op, cit, pt. viii (1898) p. 284 & pi. xxii, fig. 4 a. 
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unisoph^Ilum'), but there are important differences between the 
New Zealand example and typical specimens of Wiehner’s two 
■species from the Schreinbach in the British Museum (Nos. 23110, 
117, 118). The species to which the New Zealand form is now 
■attached shows, perhaps, more compressed whorls. It is probably 
transitional to the forms mentioned above that lead to Discamphi- 
•ceras : that is, it is not of the W'ceTinerocercts stock. 

The Annamese J^silooeras lonpipontinum, above mentioned, 
with an umbilicus of about 50 per cent, of the diameter, is more 
evolute, and has longer ribs. Oppel’s original^ re-examined by 
Neumayr, apart from being still more evolute, was described as 
having, for a Psilonotus, narrow and sharp costas. 

Of Alpine forms of Psiloceras from the typical locality Pfons- 
joch in the Tyrol, preserved in the British Museum, a specimen 
'dose to Psiloceras gernense Neumayr sp. (No. C 13864), with a 
typically phylloid suture-line, is perhaps comparable with the 
example here described ; but the latter, on the outer whorl, develops 
the peculiar JEupTiyllites-\\k.e costatibn of the other specimens 
here described. 

Locality and horizon as above. 

(B) Mliddle Lias. 

Genus PHTLiiOOEitAS Suess. 

PHTiLOCERAS a£. PARTSCHi (Stur MS.) Hauer sp. (PI. XVIIT, 
figs. 1 » & 1 Z>.) 

Besides the figured example, of dimensions : 130, 56, 27, 11, 
there is, in the British Museum, another worn specimen, consisting 
•of about half of an ammonite of similar size and showing the same 
peculiar ribbing, distinguished from that of the Argentine form 
figured by Burckhardt ^ by being continuous almost to the um- 
bilicus. Similarly ribbed forms of Pliylloceras occur, of course, 
at many* horizons up to the Ci'etaceous ; but there appears to be 
no figured example that agrees with the New Zealand specimens. 
The reference to the Liassic ^artschi group is suggested by their 
association with the LytoGeras and Pliacophyllites laere described. 

Hauer’s ® type-figures are characterized by very straight costa- 
tion, but other authors, as, for example, Geyer,^ included in this 
species forms with more sigmoidal and also more continuous costa- 
tion, and Meneghini ^ drew attention to the variations in ornamen- 
tation that occur in this group. The form figured by Reynes ^ 

1 Pal. Mitteil. 1862, p. 129 & pi. xK, fig*. 1. 

^ ‘Beitragre zur Kenntnis der Jmra- & Kreideformation der Cordillore * 
Palaaontograpliica, vol. 1 (1903) p. 6 & pi. i, fig*. 1. 

^ ® * Beitrage zur Kenntnis der Heterophyllen der CEsterreiohischen Alpen ’ 
Sitz. Ber. K. Akad. Wissensoh. Wien, vol. xii (1854() p. 881 <fe pi. iv, figs, 1-8. 

^ ‘ Mittelliasisoke Oephalopoden des Schafberges, &c.’ Abhandl, K.K. Gedl. 
Beiohsanst. vol. xv (1893) p. 42 & pi. v : for instance, fig. 8. 

® ‘ Fossil, d. Medolo * in Stoppani : ‘ Pal. Lombarde * Append. (1881) p. 27, 

® * Monograpbie des Ammonites ' 1879, Atlas, pL xxxiv, figs. 80-32. 
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with continuous, though less sigmoidal eostation, differs in. 
thickness and width of the umbilicus ; but the New Zealand 
example being slightly crushed obliquely, the opposite side does 
not show the hexiradiate character, conspicuous in fig. 1 « of 

PL xviir. 

J^hylloceras anonymum Haas ^ has similarly continuous eos- 
tation which, however, is straight, as in the typical JPh. parts chi. 
Dumortier’s^ Ammonites atlas is considerably inflated, and the 
gigantic JPhylloceras seroplicatiim (Hauer) 8 does not acquire its 
coarse pleating until a fairly late stage. 

The fragmentary example shows the suture-line more clearly 
than does the figured specimen. This suture-line agrees with, 
that of iBhylloceras tenuistriatum (Meneghini) as figured by 
Pucini.^ Specimens of this form, however, from Gamifigiia 
(British Museum, ex Dr. F. Castelli^ColL, agreeing with Beynes’s®- 
fig. 16) have different ornamentation. 

L o c a 1 i t j . — IT nrecorded. 

Horizon. — Middle Lias (Domerian). 

Genus Khacophyllites Zittel emend. 

Pompeckj ® suggested that the genus MhacopJiyllites might be- 
restricted to the ornamented forms, and 1 7 proposed to take as 
typical the group of M7i. fransylvaniciis-dio 2 ^sis.^ Apart from 
these, many evolute Phylloceratids with diphyllic suture-lines, 
belonging to various groups from the Triassic Discophyllites 
upwards, have been included in ^ iBhacopliyllites'* , on account of' 
their narrower whorls, with a corresi^ondingly smaller number of 
auxiliary elements of their suture-lines. Of these, the Hettangian 
group of * Ithacophyllites ’ Stella (Sowerby) could be separated 
with a new name : Paradasyceras, gen. nov., the genotype to be 
Pliylloceras ttermosense (Herbich) Wsehner.® The constricted 
inner whorls of P. stella as figured by me and the ‘ rhacophyl- 
litie ’ suture-line are characteristic ; but attention has already been 

^ ‘ Die Fauna des Mittleren Lias von Ballino, &c.’ Beitr. Pal. Geol. QEsterr.- 
ITng. vol. xxvi (1913) p. 7 & pi. i, figs. 1-5. 

2 ‘ Etudes PaUontologiques sur les D4p6ts Jurassiques du Bassin du Iih6ne 
vol. iv (1874) p. 106 & pi. xxx, figs. 4-6, 

® Op. cit. 1854, p. 862 & pi. i, fig. 1. 

‘ Cefalopodi Liassioi del Monte di Oetona * pt. i, PaL Ital. vol. vii (1901)' 
p. 33, text- fig. 16. 

“ Op. cit. 1879, pi. xliv; non Geyer, op. cit. 1893, pi. vi, figs. 1 & 2. 

® ‘ Beitrage zu eiiier Revision der Ammoniten des Schwabisohen Jura’ pt. i 
(1893) p. 39. 

7 ‘ The Development of Tragophylloceras loscombi ’ Q. J. G. S. vol, Ixx 
(1914) p. 355. 

® Lectotype: Phylloceras diopsis Gemmellaro, ‘Sui FossiH degli Strati a - 
Terehratula aspasia ’ pt. i, Soc. Sci. Nat. & Econ. Palermo (1884) p. 6 & pi. ii, 
figs. 6-8, 

° Washner, pt. viii (1898) p. 173 & pi. xxv, fig. 1 only (B.M. O 23140 from. 
Schreinbach, Wolfgangsee, Austria, eas Panzner OoU.). 

Q. J. G. S. yol. Ixx (1914) pi, 1, figs. 1-3. 
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drawn to the difficulty o£ distinguishing these JPa7Htclasyceras 
from, their contemporaries JPhylloce^'as and Greyei'oeeras}- 

I now consider it probable that from this persistent radical 
•stock of e volute Phylloceratids, including, in the Middle and 
Upper Jurassic, the genus Soioerbyceras, have successively ori- 
ginated the ‘ cryptogenous ’ families of trachyostracous ammo- 
nites, some by way of transitional types of the Lissoce^ms, Hctplo- 
-cei*as, ^nd Des?}ioceras pattern, erroneously united into ^families.’ 
The genus now defined as RJiacopJiyllites (but not its specialized 
adults) thus probably gave rise to Trayophylloceras,^ and the 
genus Ampliicei^as and the family AmaltheidiB may have sprung 
from the same radical Ph^dloceratid stock. 

The modified offshoots with robust ornamentation generally 
•show simplification of the suture-lines, changes that are probably 
^e-^ected in the early stages and correlated with adaptation to a 
mode of life different from that of the leiostracous parent stock 
•which never left the warmer seas of the Tethys. 

Other modified Phylloceratids, such as the ‘Purbeekian’ Phyllo- 
ceras strigile (Blanford), the ornamentation of which somewhat 
resembles that of the contemporaneous, dominant ammonite family 
Berriasellidse, leave no progeny, and remind one of the curious 
simultaneous appearance of the umbilical processes in the Lower 
"Triassic Otoce^^as and its contemporary Nautili, perhaps examples 
«of mimicry. 

B.HAOOPHTI/LITES affi Diopsis (Q-emmellaro). (PL XVIII, 
figs. 2 a-2 o.) 

1884. Phylloceraa diojpsis Gemmellaro, ‘ Stu Fossili dei Strati a Terehratnla 
aspasia, &c,’ pt, i, Soo. Soi. Nat. & Econ. Palermo, p. 6 & pi. ii, 
fig's. 6-8. 

The specimen here described consists of the body-chamber 
^portion of about half a whorl, of an ammonite some 70 mm. in 
diameter, but showing signs of crushing. The umbilicus is nearly 
"25 per cent, of the diameter, or about the same width as in the 
Sicilian type. The resemblance of the ornamentation to that of 
certain TrayopJtyllocej'as, notably T. iheco-liete^'ophyllmn (Quen- 
■stedt),® is partly due to the crushing of the whorl and its 
periphery. There is a likeness to a Rhacophyllites of the yir/aa 
-fype from the Toarcian (?) of the Kammerker Alpe, Tyrol (Klip- 
‘stein Coll. B.M. No. C 13856), but less resemblance to the Lower 
Liassic Campiglia forms {BhacophylUtes nardii Meneghini sp.) 
un the British Museum collections. 

The beginning of the body-chamber shows portions of the 
saddles of the last suture-line, but not the lobes. The external, 
ffirst and second lateral saddles are very distinctly diphyllie, the 

1 L. F. Spath, Q. J. G. S. vol. Ixx (1914) pp. 354-55. 

3 ‘Notes on Ammonites' Geol. Mag. vol, Ivi (1919) p. 29, footnote 4 & 
-p. 221. The ‘ recapitulation theory ’ has since been practically abandoned. 

8 ‘ Ammoniten des Schwabischen Jura’ 1885, pi. xxxvii, fig. 14 A>.p. 294 = 
^Phylloceras sp. in Pompeckj, op. cit. 1893, pt. i, pp. 13 18, 
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.auxiliary saddle un symmetrically so, as in fig, 8 of Gemmellaro’s 
pi. ii. Apparently there is only one more auxiliary saddle, 
whereas JRhaco_phy Hites yiycis Fucini,i HJi. transyl vanicus 
(Hauer) ^ and the varieties of that species in Fuciiii ^ which 
.agree with the Zealand example in the small umbilicus, have 
more numerous auxiliary elements. 

There are two or three (indistinct) constrictions and an irregu- 
larity in the eostation, due to an injury, which helps to accentuate 
"the ^^><9;!r-like aj^pearance of the specimen, reminiscent of the two 
Trayophylloceros of the wecJisleri grouj), figured by Wright,^ or 
•of ^mphiceras mciricmi Gemmellaro.^ 

‘ JRJiacoceras ’ ntemismale (Quenstedt) Fucini,^ which has a 
flattened aspect, similar to that of the specimen here described, is 
fairly involute, but badly preserved, and may only be a narrowly 
•umbilicated Mhacophyllites^ not a Tragophylloceras. 

The example of itliacopliy Hites cf. yiyas Fueini, recorded by 
Diener^ from the Himalayas, represents a more evolute and less 
'Coarsely costate form than the New Zealand specimen. 

An exam]ple of lili. Uhertus (Qeinmellaro), from the Upper Lias 
of Foci di Cantiano in the Apennines (B.M. No. C 8410), labelled 
A-imnonites (JHliacopliyllites) diopsis Gemmellaro, b}^ Prof- Zittel 
himself, like the Sicilian t 3 'pe ® or like another example from the 
Yalley of Kelat, Baluchistan (Geol. Soe. Coll.), is more evolute and 
has less coarse costation than the New Zealand form. 

Localit}^ and horizon as above. 


Genus Thysanocebas Hyatt, emend. S. Buckman. 

Thxsanocebas cf. CORNUCOPIA (Youiig & Bird). • (PL XYIII, 
figs. 3 « <& 3 5.) 

A fragment of a Lytoceratid, in whorl-shape and ornamentation, 
■closely resembles Young <fe Bird’s ® Yorkshire species, to which a 

1 Op. cit, 1901, p. 66 & pi. ix, figs. 2, 4. 

® In Herbich, ‘ Das Szeklerland ’ Mitteil. Jabrb. K. Ungar. Geol. Anst. 
Tol. V (1878) p. 114 & pi. xxj, fig. 1. 

3 Op. cit. 1901, pp. 63, «&c. & pi. viii, figs. 1-7. 

‘ Monograph of the Lias Ammomtes ’ Pal. Soc, pt. iii (1880) pi. xxxix, 
figs. 1—3 {Mgoceras loscornbi Sowerby). These specimens are not in the 
Wright Collection in the British Museum ; but fig. 3, to judge by a Badstock 
•example, may be a badly drawn Tragophylloceras •wecTisleri^ whereas figs. 1 & 2 
represent a form with broader periphery sujB&ciently distinct to receive a new 
name (T. radstockense nov.). 

8 ‘ Sui Possili dei Strati a Terehratula aspasia ’ pt. i, Soo. Soi. Nat. & Econ. 
Palermo (1884) p. 33, & pi. i, figs. 13-14 (t^us). 

3 Op. cit. (1901) p. 15 & pi. ii, fig. 4. 

7 « Upper Triassic & Liassic Paunse of the Exot. Blocks of Malla Johar, 
Mem. Geol. Surv. India, Pal. Indica, ser. 15, vol. i, pt. 1, p, 76 & pi. xi, 

fig. 1. 

® Op. cit. (1884) p. 4 & pi. ii, figs. 1—2. 

8 * Geol. & Miner. Survey of the Yorkshire Coast * 1822, pi. xii, fig. 6, as 
interpreted in S. S. Buckman, ‘ On Lytoceratidse ’ Q. J. G. S. vol. Ixi (1905) 
p. 149. 



New Caledonian specimen, recorded by Piroutet,^ bad been com- 
pared. Lytoceras siemensi (Denekmann),^ which maybe identical 
with the Whitby form, has a similar whorl-section ; but, since the 
New Zealand example, like the JPhylloceras described above, has 
been crushed, at least at the smaller end, perhajjs not much 
importance can be attached to the compressed whorl-shape. More- 
over, the Lower Liassic Fimirilytoceras^ for instance tnha (])e 
•»Stefani),® and the Middle Liassic Lt/toceras sensu stricto, for 
instance L. post-JimhriaHim Prinz,^ may show compressed whorls 
similar to the Toarcian Thysanoceras of the cormicopiti ty])e. The 
reticulate ornament is shown also in the true Fimhrilyfoceras 
Jimbriatum ( J. Sqwerb}’'),® although here the ribs are not inclined 
backwards as in the Toarcian form. 

Lytoceras francisci {0}p^&\)^=Ammonifeis fimbria t us Hauer" 
ex parte, differs from the example here described in having costation 
wdtb an anteriorly convex sinus on the periphery ; but there is no 
resemblance to Lytoceras cereris (Meneghini) Bonarelli,® with 
which form Posenberg® included Hauer’s example. Limbrilyio- 
ceras fimbriatoides (Gemmellaro) is distinguished from the 
form hex'e described by its circular cross-section. 

The details of the suture-line, with its extremely wide first 
lateral and high external lobes, are not preserved ; but, although 
the specimen is slightly worn, probably there were no plain ‘ Hares ’ 
as in the true Lytoceras, 

Locality and horizon as above. 

(C) Tipper Jurassic. 

Grenus PHYmocEEAS Suess. 

Phylloceeas aff. mediteeeaketjm (Neuinayr) auct. (PL XIV, 
%• !•) 

The large example illustrated in PI. XIV, fig. 1 (I’educed to about 

^ ‘Note Pr^Sliminaire sur la G^ologie d’une Partie de la Nouvelle Cal«!?- 
donie ’ BuU. Soo. G^Sol. Prance, ser. 4, toI. iii (1903) p. 155. 

2 * Panna des Oberen Lias von Doemten ’ Abhandl. K. Preuss. Geol. Landes- 
Anst. vol. viii (1887) p. 156 & pi. i, fig*. 8. 

® * Lias Inferiors ad Arieti, &c,’ Atti Soc. Toso. Sci. Nat. Mem. vol. viii 
(1887) p. 62 & pL i, figs. 17, 18. 

‘ Patma der .ffilteren Jurabildtmgen im Nordostlichen Bakony ’ Mitteil, 
Jahtrb. K. tTngar. Geol. Anst. vol. xv (1904) pp. 52-53 (z::: A^nmonites Jim- 
hriatua A. d’Orbigny, pi. xcviii, non Sowerby). 

® See S. S. Buokman, ‘ Yorkshire Type-Ammonites ’ vol. ii (1919) pi. oxxx^:,, 

fig. 2. 

° ‘ Die Tithonische Etage ’ Zeitsohr. Deutsch. Geol. Gesollsch. vol. xvii 
(1865) p. .551 ; non Lytoc&i'as francisci Vacek, ‘ Oolithe von Gap San Vigilio ’ 
Abhandl. K.K. Geol. Beichsanst. vol. xii (1886) p. 4 (60) pi. ii, figs. 1-2. 

^ ‘ Oephalopoden aus dem Lias der Nordostlichen Alpen’ 1866, p. 62 & 
pi. xxil, figs. 1-2 only. 

® ‘ Le Ammoniti del Rosso Ammonitico, &c.* Bull. Soe. Malac. Ital. vol. xix 
(1894) p. 216 {^Ammonites cereris Meneghini, in Stoppani, ‘ Pal, Lombarde ’ 
[4] 1867, pi. xxi, fig. 3 only). 

® * Liasische Oephalopoden-Panna der Kratz-Alpe im Hagengebirg© * Beitr. 
Pal. Geol. CBsterr.-TTng. vol. xxii (1909) p. 241. 

w Op. cit (1884) p. 13 & pi. iii, figs. 20-23. 
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a quarter of the natural size) had its hod 3 ’’-ehainher accidentally 
displaced ; but its normal diameter probably was not less than 
300 mm. In the figure a break is shown at and the line of 
displacement at d. There are seven constrictions and about eight 
intervening I’ibs on the peripheml portion of the whorl, as in 
I*hylloceras 'passafi Boehm,i with which species the example had 
been identified by Dr. Treehmann. This costation does not seem 
to be yet developed at a size corresponding with that of the Wai 
G-alo form, appearing in the specimen here described at a diameter 
of about 250 min. furthermore, the constrictions have a different 
course in the New Zealand form. The outer half, in side-view, 
forms a very iu’onounced semicircular curve, and there is a very 
distinct sinus forward on the periphery, reminiscent of Sotcerhy- 
ceras or Bchhtetevia, This sinus is more 2 iromineiit than that 
shown in Neumavr’s type of JP7iy7locepas mediterraneump- from 
the Alpine onacyoeepltalus beds (with a similar number of con- 
strictions but less lateral angularity), or by Hang’s ^ Bajocian 
example, with nine constrictions. 

I*hylloceras mediterraneum. race indica Leinoine does not show 
this type of constriction, nor do the Argovian examples recorded 
by me ^ from Tunisia. These have only five constrictions ; but it 
is to be noted that, at a diameter eorres^jonding with that of the 
Trept specimens,® the form here described also has only five eon- 
strictlons, although in this case the forward sinus on the jieriphery 
is even more consj^icuous. In order to obtain these inner whorls, 
a worn example from the same locality as the large figured S 2 >e- 
cimen was broken up, revealing the distinctness of the species. 
Whether ^hylloceras JcawJiics Mai’shall^ or J?hyllocera8 sp, in 
Bcehm ® are identical with the form here described it is impossible 
to state. 

The suture-line is well-preserved, especially on the smaller 
specimen, and agrees in general outline with that of JE^hylloceras 
imditef'raneum as figured by Ganavari.^ Of tbe four larger leaflets 

^ ‘ Die Siidkiisten der Sula-Inseln Taliabu & Mangoli ’ Palseontographica, 
Siippl. iv, pt. 3 : ‘ Oxfordien des Wai Galo ’ (1907) p. 82 & pis. xv, xvi, 
xvii. 

2 ‘ Jurastudieu : III. Phylloceraten des Dogger <& Malm ’ Jahrb. K.K. Geol. 
Reichsanst. vol. xxi (1871) p. 340 & pi. xvii, figs. 2-5. 

^ ‘ Note sur le Peristome du Phylloceras mediterraneimv ’ Bull. Soc. G(Sol. 
France, ser- 3, vol. xviii (1890) p. 328 & pi. iv. 

^ ‘ Pal6ontologie de Madagascar : pt. 8 — Ammonites d’Analalava ’ Ann. 
Pal. vol. V (1910) p. 3 & pi. i, fig. 1. 

® ‘ Jurassic Ammonites from Jebel Zaghuan * Q. J. G. S. vol. Ixix (1913) 
p. 561. 

® A. de Riaz, ‘ Description des Ammonites des Couches ^ Peltoceras irans-^ 
versarnim de Trept (Is^u*e) ’ 1898, p. 40 & pi. xvi, figs. 9-10. 

7 ‘ Some Now Zealand Fossil Cephalopods * Trans. N.Z. Inst. vol. xli (1908) 
p. 144 & pi. xiv a, fig. 2673, right-hand fig. 

® ‘ Grenzsohiohten zwisohen Jura & Kreide von Kawhia * Neues Jahrb. 
voL i (1911) p. 17. 

® ‘ La Fauna degli Strati oon Aspidoceras acanthicum di Monte Serra * Pal 
Ital. vol. ii (1896) text-fig. 6 on p. 39. 

Q. J. G. S. No. 815, 
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of the external saddle, however, the outer (siphonal) jDair are at a 
higher level than the inner pair, and the inner of the two leaflets of 
the first lateral lobe is higher than the outer in the 'New Zealand 
form, points in Avhich there is agreement with JPliylloceraa pasaati. 

Since the species now described is probably new, it is of no use 
for dating the beds at Totara Point. The resemhlanee of the 
ribbing to that of the Argovian jP/i. pm^ati may he of no signi- 
fleance ; and, moreover, it is found again in the Callovian JBli. 
mamapirimm Boehm. Boehm considered it not impossible that 
this species, as well as JE*Ti. passat/, may yet prove identical with 
P/^. mediierraneitm ; and it is noteworthy that the peripheral sinus 
is more pronounced in the early tyj>es. On the other hand, the 
mode of preservation of the specimens now discussed is exactly the 
same as that of the JPht/lloceras next described, from Kobai 
Point, 

Locality. — Totara Point. With the smaller specimen, marked 
' Totara Point ’ in ink, is, however, a label : ‘ Te Abu Ahu (b^^ the 
Old Mission Station) Beleinnite-Beds.’ A JPJiyllocfras from the 
latter locality, belonging to Prof. Marshall, may belong to the 
same species. 

Horizon. — Jurassic (Middle or Uj>per?). 

PnvLLOOEBAS cf. POiiYOiiCiTM (Beiiecke). 

1866. ‘ Trias Jura in den Siid-Alpen ’ Pal. Beiteiige, vol. i, p. 182 & 
pi. vii. 

An example of a FliylloGerm^ measuring 180 mm. in diameter 
and having an umbilicus of about lOj^er cent., shows eleven angular 
constrictions that pass straight across the periphery : that i.s, there 
is no ventral sinus as in the form just described, with which, how- 
ever, it agrees in mode of preservation. There is also no ribbing on 
the periphery, but at a corresponding diameter 'Bliyll oceras alf. 
mediterremeum is equally unornamented. Like the latter, tlie form 
now described clearly belong.^ to the group of IPliylloceras iilira^ 
monfaniim (Zittel), and difers from Benecke^s type merely in not 
acquiring its eleven constrictions until a larger diameter. JBhyllo- 
oeras faitricum (Retowski) = meiViterranevm^ var. tauricum^^ 
with only seven to eight constrictions at a smaller diameter, may 
thus be as close to the ISTew Zealand form as Benecke'.s species'; 
hut Neumayr^ had pointed out that his numerous examjfles of 
JBJi. polyolcum from the acantJiicus zone had only nine constric- 
tions up to a diameter of 100 mm., and seven to eight at a still 
earlier stage. 

According to the same author, the suture-line of JPJu 2 ^oIyohtum 
is slightly moi*e slender than that of JBh. onedilermixemn { Imt in 

' ‘ XJnteres Callovien &> Coronatenschichten, &c.’ Nova Guinea : 

Exp. Sci. N^erl. 1903, vol. vi, Geol. i, Leiden (1912) 7 A pi, i, %. 3, 

pi. ii, figs. 1-2, text- fig. 1. 

® ‘ Die Titkonificlien Ablagerungen von Theodosia * Bull. Sog. Imp. Nat. 
Moscon (1893) nos. 2 & 3, p. 231 & pi. ix, fig. 5. 

* Jahrb, K.K. Geol, Reiohean&t. vol. xxi (1871) pp. 341-42, 
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the specimen here described, owing to the somewhat imperfect 
state of preservation, the differences are not appreciable. In both 
the New Zealand species the terminal leaflets of the saddles are 
more elongated than those depicted in Neumayr’s figs. 1 & 6 of 
pi. xvii. 

JBhylloceras insulindcB Boehm i has less numerous and less 
angular constrictions, and these are still straighter in the group 
of JPh, calypso (A. d’Orbigny), Fli. herriasense (Pictet), and 
silesiacum Zittel. 

P. Ohoffat^ pointed out that PA. polyol cum had no greater 
stratigraphieal importance than P7i. mediferraneitm ^ and attention 
has already been drawn ^ to the unusually extensive vertical range 
of some of these species-groups of JPhylloceras, 

Locality. — Kohai Point. 

H orizon. — Upper Jumssic (? yigas zone). 

Lytoceras cf. REX Waagen. 

1873. ‘ Jurassic Fauna of Kutch : I — Cephalopoda ’ Mem. Oool. Surv. 

India, Pal. Indica, p. 36 & pi. viii, fig. 1. 

A specimen of a Lytoceras of the group of P. liehiyi (Oppel), 
belonging to Prof. P. Marshall, about 170 mm. in diameter, but 
somewhat distorted, on the earlier volutions shows fairly strong 
lineation of the ty^ie of that of the inner whorls of L. rex, but has 
close, alternately plain and fimbriate, costse on the outer whorl. 
At a whorl-height of 73 mm. the thickness is about 59 mm., and 
the section thus is oval, compressed, with a very slight dorsal 
indentation, not quite identical with that given b}’’ Waagen in his 
fig. 1 h. The suture-line is perhaps just a little less coini:>lex than 
that of L. adeloitles as figured by Waagen C])!. viii, fig. 2), but of 
the same type. 

The examjple now described is completely septate, and does not 
show the distant fimbriae of the outer whorl of Waagen's gigantic 
specimen, also the stage with close fimhrise, preceding the final 
stage, is very short in the Indian form ; whereas, according to 
Waagen, up to a diameter of 300 mm., the whorls of L. 7'ex arc 
‘ covered wdth fine, closely ari-anged, undulated ribs, all of equal 
strength.’ The specimen here described, consequently, cannot be 
definitely identified with Waagen’s species. 

The numerous specimens of Lytoceras in the British Museum 
from Mombasa, East Africa, whence Dacque ^ recorded a Lyto^ 
ceras cf. rex, belong to more finely lineate species. 

Locality. — Totara Point, Kawhia Harbour. 

Horizon. — Upper Jurassic. 

PalsBontographica, Suppl. iv, pt. 3 (1907) p. 83 & pi. srvii, fig. 2. 

* ‘ Faune Jurassique du Portugal : I — Ammonites du Lusitanien ’ Comm, 
Trab. Geol. Portugal, 1893, p. 12. 

^ ‘ Jurassic Ammonites from East Africa, &c.* Geol. Mag. vol. Ivii (1920) 
p. 320. 

•* ‘ Dogger & Malm aus Ostafrika * Beitr. Pal. GeoL OEsterr.-Ung, vol. xxsiii 
(1910) p. 9. . 
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Genus UnnieiTES Kilian. 

TJhligites hectobi Spath. (PI. XVII, fig. 1.) 

1886. (?) Ammonites (Kawhia) Hector, ‘ Outline of the Geology of New 
Zealand’ Ind. & Colon. Exhib. Irondon, New Zealand Court, Catal. 
& Guide to Geol. Exhibits, p. 68, text-fig. 33, 2. 

1923. Uhligites Jiectori Spath, ‘ Blake Collection of Ammonites from Kachh 
(India) ’ Mem. Geol. Surv. India, Pal. Indica. 

This form is represented by an example measuring 14o mm. in 
diameter, with an umbilicus of 12 per cent, and a whorl-thickjiess 
of 21 per cent, of the diameter. The terminal iDortion of the outer 
whorl belongs to the body-chamber. Whether Dr. Treehmann’s 
example (labelled Strehlites) is identical with^ Hector’s type 
cannot he decided without examination of the original. The latter 
seems to have a smaller umbilicus, but the type of ornamentation is 
well, if somewhat diagrammatically, represented in Hector’s figure. 

Poehm’s ^ Strehlites^ motutaranus^lauA,^ strongly marked primary 
ribs on the inner half of the sides, reminiscent of St^'ebhfes ^ictits 
(Quenstedt), and the Uhligites suture-line with a peculiarly 
undercut external saddle. It shows slightly prorsiradiate costa- 
tion, but is considerably smaller than the specimen here discussed.^ 

Uhligites hectori probably belongs to the group of TT. Jcraffti 
(XJhlig & Suess} ® and Z71 crassicostati^s (Uhlig},^ well represented 
in the Spiti Shales. Uhligites nouhugsi (Poehm) ^ is a smoother 
though similar type, and more involute forms occur also in the 
Kimmeridgian of Mexico: for instance, Strehlites tthligi and 
Sir. mecoicanopioUis Purckhardt.^ 

Locality. — Te Puti Point, Kawhia, loose on shore. 

Horizon. — Tithonian (?). 

Genus AtrLACOSPHiis^cTOTDES Sx>ath.® 

Atoacosphinctoibes bbownet (Marshall). (PI. XVII, figs. 2a 
&22».) 

1909. JEgoceras hrownei Marshall, ‘Some New Zealand Eossil Cephalopoda ’ 
Trans. N.Z. Inst. vol. xli (1908) p. 144 & pi. xvi a, fig. 4. 

1911. JPerisphinctes hroionei (Marshall) Boehm, ‘ Grenzschiohten awischen 
Jura & Kreide * op, cit. p. 19 & pi. i, fig. 2, also text-fig. 2. 

1923. AiilcLcosphinctoides bi'ownei (Marshall) Spath, ‘ Blake Collection of 
Ammonites from Kachh (India) ’ Pal. Indica. 

The sectional outline depicted on PI. XVII, fig. 2h was taken 
from a whorl-fragment that may belong to the same S 2 )ec*ies us 

^ Op. cit, (‘ Grenzsohichten, &c.’ 1911) p. 17 & pL ii, figs, 6 a, h, 

® In Uhlig, ‘Eauna of the Spiti Shales’ Ease. 1, Mem. Geol. Snrv. India, 
Pal. Indica, vol. iv, Himalayan Fossils, ser. 15 (1903) p. 44, A e, g, pi. iv, 
figs. lad. 

® Ibid, fasc. 2 (1910) pi. Ixxviii, fig. 2; fasc. 3 (1910) p. 391. 

^ ‘ Beitrage znr Geologic von Niederlandisch-Indien : I — Grenzschiohten 
zwischen Jura & Kreide’ Palseontographica, Suppl. iv (1911) p. 29 & pi. ii, 
figs. 7-8. 

® ‘Eaune Jurassique & Cr^tacee de San Pedro del Gallo’ Bol. Inst. Geol. 
Mexico, No. 29 (1912) pp. 52-60 &. pis. xi, xiv. 

® * Blake Collection of Ammonites from Kachh (India) ’ Mem. Geol. Surv, 
India, Pal. Indica, 1933. 
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the comi:>leto ammonite illustrated in tig. 2 a, or to a closely similar 
form. The large examj)le has a diameter of 81 mm. and a whorh 
thickness of close on 35 per cent, of the diameter. There are 
about four constrictions per whorl. The final constriction probably 
fonned the mouth-border, and is three-quarters of a whorl away 
from the last septum. The suture-line is poorly preserved, but 
comparatively simple, as figured by Bcjehm. 

Mr. Buckman labelled this example ^eri split notes cf. 
Waagen ’. A specimen of this form in the Blake Collection 
(B.M. No. 543), from the Argovian Kanteote Sandstone, shows 
similarity to the New Zealand species, and JPerisjpliitictes sub- 
eootutus Waagen (for instance. No. 539), from the Dhosa Oolite, 
also seems to be close. In these two early species, however, the 
inclination of the secondary ribs and the constrictions are dilferent. 
JPerispliinctes hurui Boehm ^ probabl 3 ' belongs to this Argovian 
group of JPerisphinctes, and is thus not related to the somewhat 
similar New Zealand species of Afulacospliinctoides, 

On the other hand, Ajulacospliinctoides Intnilesiamis (Uhlig) 
and A., cliidamensis ( Uhlig), if \ve may judge by examples in the 
British Museum (31107 & C7676«), are closer to the present 
species, and one example of the same group of Aul acospliinctoides 
(33539) from the Spiti Shales might almost be identified with 
A, h row tie i. 

A. uhligi, nom. T[\Q'^.'=-A.ulacosp>liinct€s tor^uatns Uhlig noth 
Sowerby ^ (B.M. No. C 5034) is slightly less densely costate ; 
A. incertus (Uhlig) (B.M. C 76766) and A. serpentinns (Uhlig) 
(36933) are less closely comparable. 

A, marshalli, nom, nQ^,-=.lPerisphinctes sp. in Boehm ^ has 
slightly different costation, as 1 judge from an example lately sent 
by the G-eological Survey of New Zealand. 

A, sisyphi (Hector) * may represent a veiy large example of the 
group to which A. broxonei and A, marshcclli belong. 

Locality. — Te Puti Point, Kawhia. 

Horizon. — Tithonian (?). 

AitI/ACOSPHINCTOIdes sp. indet. (PI. XYII, figs. "Sa So 36.) 

This specimen consists of portions of two whoi*ls, showing 
somewhat coiToded suture-lines. Height and thickness of the 
outer volution amount to 28 mm., and there is an indistinct 
constriction on this whorl. 

Mr. Buckman labelled this example ^ JPerisphinefes cf. uni- 
compfus Choffat, xviii, 3,’ and there is, indeed, great resemblance 
to the form figured by Ohofet^ and referred to Pontannes’s 

^ ‘ Geologiache Mitteilungen aus dem Indo-Australischen Arcfiipel: Vic — 
Jura YOU I^tti, Timor, Babar <& Buru’ Keues Jahrb. Beilage-Baud xxv (1908) 
p. 334 «& pi. xiii, fig*. 2. 

3 Op. ciU (1910) p. 368 & pi. Ixxi, fig's. 1 a-1 d. 

^ Op. cii. (1911) p. 19 «& pi. i, fiff. 3, text-figs. 3 a~S b, 

^ 0^. cit. (1886) p. 68 & text-fig. 33, 1. 

® ‘ Paime Jurassique du Portugal: C^phalopodes, I — Ammonites du Lusi- 
tanien ^ Oomm. Trab. Geol. Portugal (1893) p. 46 & pi, xviii, figs. 3-5, 
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species, also to the ^erisfliinctes sp, (^stenocycli') of the same 
aaithor.i The lateral lobe, however, is deeper and wider in the 
New Zealand form, and the rib-curve is different. I^espite the 
similarity of the fragment here described to European Kimine- 
ridgian Ataxioceratids, its atfinities, as of A.. h7*oio7iei, are ])robably 
with the Tithonian Perisphinctids of the Spiti Shales and tlieir 
equivalents in the Malay Archipelago and New Guinea, u'hdaco-- 
spliinctoides cliidcimensis 'iwA A. sparsicosfr/ (Uhlig)^ are, perhaps, 
closest among the Sp)iti forms. They differ in whorl-section, and 
the latter also in its shorter lateral lobe. The genotype oiAi//aco- 
spliinctoides^ A. /jiAfndihffIus(JJhlig), with regularly bifurcating 
ribs on the outer whorl, like the fragmentary si)ecimeii referred 
above to A, hroivnei, shows less resemblance to the example here 
described than do some forms of Virgcttospliinctes. 

JBerispliinctes ( JProcerHes) matsushvnrd Yokoyama,*'* on the 
outer whorl, shows ornamentation sihiilar to that of the fragment 
now described, but, like the other Japanese forms of I^erispliiiicteti, 
•figured by the same author, is not identihable from the figure. 
J^erispliinctfis cl urangensis Burckhardt,'^ with w’hich the Japanese 
species has been compared, differs from the fragment here described 
in being less involute, and in having quite a different type of 
costation. 

Apart from the trifurcation of some of the ribs on the outer 
whorl-portion of our example, there is considerable resemblance to 
some K.acbh species of the gi'oup of PerispJiinctes hleieheri 
Waagen non P. de Loriol, .P. eudiehotomtiB Waagen non Zittel, 
and P. ocGuliefurcatus Waagen, all from the Uinia Beds (see, for 
instance, B.M. 499, 486, Blake Coll.), but believed by me to 
belong to the ICimmeridgian Torquatisphinctes, not the Tithonian 
Aulacosphinctoides. Unless the outer whorls are ]>reserved, how- 
ever, even generic distinction is extremely difficult. 

Locality. — Te Puti Point, Kawhia Harbour. 

H 0 r i z 0 11 . — Tithonian ( ?) . 

(3) Conclusions. 

The Lower Hettangian age of the forms here recorded as 
JE*siloceras {EvpJigllites ?) sp. nov. ind., JPs, {JStc.') sp. indet., 
and Psiloceras sp. cf. calcimo7itamwi (Wa?hner) is undoubted, 
and they suggest deposits probably belonging to the megasfoma 
subzone : that is, the upper paiff of tlie plmiorhis zone in the 
wider sense. 

The three species JPhglloceras aff. parfsclii (Stnr MS.) Hauer 
sp., JdJiacopTigllifes aff. clioptsis (Gemmellaro), and ThysanoceraB 

^ Ibid. p. 51 & pi. xix, fig". 3. 

2 Op. cii. (1910) pi. Ixxiv, fig-s. 1 & 2. 

3 ‘Jurassic Ammonites from Echizen & Kagato ’ Journ. Ooll. Sci, Imper. 
TJniv. Tokyo, vol. xix, Art. 20 (1904) p. 3 & pi. i, fig-. 1. 

‘Fanne Jurassiqiie & Or^tact^e de San Pedro del C4allo ’ Bol. Inst.Gool. 
Mexico, ISTo. 29 (1912) p. 16 & pi. iii, fig. 1. 

® Jj, P. Spath, op. cit Pal. Indioa, 1923. 
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cf. cornucopia (Young & Bird) indicate Liassie deposits of an age 
younger than the Sinemurian ; but their exact horizon within the 
Lias cannot easily be determined. It is also possible, of course, 
that they do not all three come from the same liorizon. On the 
one hand, the Lytoceras fmgment resembles the Toareian Lyto- 
ceras ( Thysanoceraa) cornucopia^ previously recorded from New 
Caledonia, more than it does Middle and Lower Liassie species. 
On the other hand, the fauna of the Terehraiula-aspaHia Beds of 
Sicil3% whieh includes a majority of forms of the ihex zone — 
notably most of the Tropidoceras at Charmouth ^ — contains 

a similar assemblage of PhylloceraSi Itliacophi/Uifes^ and Lyto- 
ceras, as does a Domerian-Toarcian fauna from Baluchistan in the 
British Museum (G-eol. Soc. Coll.).^ The reference of the three 
New Zealand forms to the Middle Lias is thus more or less 
provisional; but their typically Mediterranean aspect makes a 
direct marine connexion of the New Zealand Sea by way of New 
Caledonia, Kotti, and Annam with the Himalayan extension of 
the Tethys appear very probable.^ 

[It may here be mentioned that four specimens of Upper Lias 
Dactylioceras. have since been received from the Geological Surve.y 
of New Zealand. These are: Dactylioceras cf. anyuimini 
(Reinecke),^ -D. alf. commune (Sowerby), and D. spp. juv., showing 
a striking resemblance to forms described by Bcehin ® as Deri- 
spJiincfes timorensis. They are from north of Ururoa Point, 
outside Kawhia Harbour, but are preserved in a matrix different 
from that of the three examples referred above to the Middle Lias. 
Whether the latter are Domerian or not, the Dactylioceras, 
resembling forms found in Jajpan and Rotti, undoubtedly indicate 
the presence of the Toareian.] 

There is no ammonite definitely referable to the Middle Jurassic, 
for Dliyllooef'as aff. mediterraneum Neumayr may well be of 
Upper Jurassic age. DJiylloceras cf. poly oleum (Benecke) and 
Lytoceras cf. rex Waagen also cannot be accurately dated, though 
they are compared with forms from the acantliictis zone and 
Katrol Beds, suggesting a Kimmerklgian age. It has already 

^ See L. F. Spath, ‘ On a New Ammonite Genus {Dayiceras) from the Lias 
of Charmouth * Geol. Mag. vol. Ivii (1920) p. 543 ; also, ‘ Correlation of the 
Ibeas &> Jamesoni Zones of the Lower Lias ’ ibid. vol. lx (1923) p. 8. 

® L. F. Spath, ‘ Cretaceous Cephalopoda from Zululand ’ Ann. S. A. Mus. 
vol. xii (1921) p. 272 ; also H, L. Hawkins, ‘ Morphological Studies on the 
Echinoidea, &e. : pt. xii — Pseudopygaster, &c.’ Geol. Mag. vol. lix (1922) 
pp. 213-14. 

^ See E. Haug, ‘ Traite de Geologie’ vol. ii, fasc. 2 (1907) map on p. 1113. 
Also E. Dacqu<5, ‘ Eer Jura in der TTmgehung des Lemurischen Kontinents ’ 
Geol. Eundschau, vol. i (1910) p. 164. 

* This form is not identical with that whieh characterizes the lowest horizon 
of the falcifer zone; see L. F. Spath, -Upper Liassie Succession near Ilminster 
(Somerset) * in S. S. Buckman, ‘Jurassic Chronology: II. Preliminary Studies ’ 
Q. J. G. S. vol- Ixxviii (1922) p. 450. 

^ Op. cit. Neues Jahrb. I^ilage-Band xxv (1908) p. 332 & pi. xii, figs. 5-6, 





DK. li. IT. SPATH ON 


[vol. Ixxix, 

been mentioned that in matrix and mode of preservation 
cercis afU. mecliterrcmenm shows perfect agreement with JBh. cf. 
polyolcum. The absence of comparable FliylloceraH from the 
Tithonian Spiti Shales and the Ai’govian beds in Kaehh is note- 
worthy, bnt large, ribbed ^hylloceras have been recorded from 
Callovian and Argovian beds in the Snla Islands. 

The Upper Jurassic ammonites here described as jLulacosphi n.c- 
toides hro'ionei (Marshall), A., sp. indet., and TJhliijileH hecfarl 
Spatli are referred to the Tithonian ; but their generic idcntilication 
is not definite. The veiy sharp ribbing of the Atilacosjihincioidcs 
is reminiscent of the typical Spiti-Shale forms of the group of 
A. infiindihidus (Uhlig), and this is especially true of a fragment 
included with A, hroivnei and of an example of A. eudichotomiis 
(Zittel), since sent by the Geological Survey of Kew Zealand. 
But there is also great resemhlance to the genus Torq^uafiii 2 dunc(es 
of the acantJiiaiis zone. This probably includes various forms 
wrongly cited in geological literature as JPeris 2 >hliictes etulicho- 
tomws and P. configiius, which are Tithonian Aulucoi^pliinctoide^y 
and Waagen’s JE*erisp7iinctes hleicheri (jion P. de Loriol) and 
P. occult efurcaiM 8 from the Umia Beds have been provisionally 
referi'ed by me to the Kimmeridgian genus ToTiyuatUphimites^ on 
account of theh resemblance to tyi^ical forms of the t or qua f us and 
adterneplicatus type. Unless both outer and inner whorls are 
preserved, the distinction of the various perisphinctoid genera may 
be extremely difficult, and the same ty^jes of suture-line, unfortu- 
nately, recur continuously throughout the Upper Jurassic. 

The same difficulty is found with the form referred to VhliyiteH, 
Similar species, generally grouped in Strehh’fes, have a wide 
vertical range, and W. Kilian ^ would make it persist into the 
Hauterivian. The Mexican forms of the group of S, uhligi 
Burckhardt ” are probably true Kimmeridgian Strehlites^ but the 
secondary (peripheial) eostation already foreshadows the rursi- 
radiate ornamentation of the TThligites here described. A com- 
parable form has been recorded from the Sula Islands, where it is 
associated with 31 anf or dicer as tvallichi and Phylloceras striyile, 
two typical Spiti forms, probably of Upper Tithonian age. If the 
example here described is i*ef erred to the Tithonian TJhIiyites 
mther than to the Kimmeridgian Strehlltes, it is on account of 
the peculiarly undercut external saddle and the comparatively open 
umbilicus. 

Two more Tithonian ammonites can now be recorded from New 
Zealand. A specimen from Palmer Creek (Station 1C5-17), 
Awakino River, Mokau District, resembles Viryatosplnnctem 
dUcoides Uhlig,*^ but has a distinctly flattened zone on the 
periphery, and is thus probably more correctly assignable to 
Kossmatia (desmidoptycfia group) ; whereas another example 

^ ‘Lethssa Geoguostica : II. Mesozoicum 3, Kreido’ i, 3 (1310) p, 338, 

* pit, (Bob Ko. 29, 1912) pp. 51—64, pis. xi-xv. 

8 ciU (Spiti Shales, 1910) p. 337 & pi. lix, jdg. 2. 
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from Koutukowhai Point, Kawhia Harboui*, is closer to JSIossmatia 
ri ch teri ( Oppel) . ^ 

The genus BerriasellUf to which jimmonites novozelcmdieus 
(Hauer) probably belong’s, characterizes the uppermost zone of 
the Jurassic {prwasensis zone), wherefore the three zones of 
the Tithonian, mentioned in the table on p. SOd, are apparently 
represented in New Zealand. 

Since the correlation of the beds of the uppermost Jurassic is 
still very uncertain, a note is here added on the upper limit of that 
system, so as to make clear what is meant in this paper by 
Tithonian. In conclusion, it may be mentioned that XJhlig^ 
attached the Maori Jurassic to the Himalayan Province ; but there 
is probably as much affinity of the New Zealand ammonites to 
Alpine and South American forms. When only strictly contem- 
poraneous faunas are considered, some of Uhlig's ‘ provinces ’ cease 
to have any meaning ; but, if I follow one great master of 
Ammonites, S. S. Buckman, in laying stress on the incompleteness 
of the Mesozoic record and in being sceptical about the influence 
of geographical causes, 1 am fully conscious of the permanent 
value of such monumental works as the surveys of the distribution 
of the Jurassic by those other great workers on Ammonites : 
namely, Neumayr and TJhlig. 

(4) Note on the Upper Limit of the Jurassic. 

Prof. A. P. Pavlow,^ some twenty- seven years ago, in these 
pages gave a correlation of the boundary -beds between the Upper 
Jurassic and the Lower Cretaceous, and his classiflcation is still 
followed in the most recent works, although he included in the 
Jurassic certain beds at Speeton that are really well up in the 
Valanginian or Lower Cretaceous. It is surprising how little is 
known, even at the present day, about, for instance, the supposed 
equivalence of the so-called ‘ Aquilonian ’ Graspediies zones of the 
‘ boreal ’ province with the ‘ Lower Berriasian ’ or ‘ Upper ’ 
Tithonian of the Mediteri'anean area. 

In the Jura Mountains, where the marine Yalanginian or Lower 
Neocomian is underlain by fi’eshwater beds, referred to the Pur- 
beckian, the delimitation of the Jui’assic is simple enough. But 
it has been held^ that, if the original sepamtion of the Jurassic 
and Cretaceous Systems had been based on the succession in the 
Alps, instead of on that in North-Western Europe, the Cretaceous 
would have been made to include the whole of the Tithonian. 
For the fauna of the ‘ Upper Berriasian ’ or Infra valanginian is 
so intimately allied to that of the Tithonian or * Lower Berriasian ’ 

^ In K. A, Zittel, ‘ Cephalopoden der Stramberg-er Schichten ^ Pal. IMitt. 
Must, K. Bayer. Staates, vol. ii (1868) p. 108 & pi. xx, fig. 10. 

^ ‘ Die Marinen Beiche des Jura <& der Unterkreide * Hitt. Geol. GeseUscb. 
Wien, vol, iv (1911) pp. 389, 410, &o. 

^ ‘ On the Classification of the Strata between the Eimeridgian & Aptian ’ 

Q. J. G. S. vol. lii (1896) p. 648, table. 

'* E. Hang, ‘ Traits de G4ologie ’ vol. ii, faso. 2 (1907) p. 1162, 
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that Dr. W. Kilian,^ the authority on the Freiieh suecession, on the 
one hand records 3eri*Ut8ella pricasensis as still occurring in 
the Cretaceous, and, on the other, claims the Yalanginian genus 
TJmrmannifes also from the Titlionian or tip])criuost Jurassic. 

Prof. Emile Haug 3 includes the ‘ Purheckian ’ in the Portlandian 
as its upper, non-marine, poidiion, but it seems preferaljlc to retain 
Oppel’s term Titlionian ; for, although it has been mi.sapplied to 
beds the Kimmeridgian age of which was not recognized at the 
time, Oppel clearly meant it to he used for strata that are transi- 
tional to, or indicate the dawn of, the Cretaceous.*^ 

Becent researches indicate that there is room for a very long 
and important epoch between the Cretaceous and the Portlandian, 
an epoch for the widely-scattered marine equivalents of which the 
terms ‘Purheckian’ or ‘Aquilonian’ seem inajipropriate. Haug’s'^ 
opinion of the equivalence of the Titlionian, Portlandian, and 
Volgiaii cannot now be upheld, and from the appended table it 
will be seen that, with the Lower Tithonian below, they are here 
considered to x-epreseiit four successive periods. 


Sv^ggested Sequence op Ammonite Zones in the Upper Jurassic. 


Stages. 


Titlionian. 


Poi’tlandia n. 


Zones. 

jj^rivasensis. 

pronus. 

contiguus. 

( giganimm. 

< pseudogigas. 
( gorex. 


fU p p e r. 




Middle. 


B 

S 

S 


^ * pallasianns* 
L virgatus. 

"steraspis. 

gigas. 


{jendoxus. 


l^L o w e r. 




temiilohatus. 


Snbzones. 


{ 

I 


occitaxiica. 

mendozmia. 

heJirendsoxii, 

tenuisiriata* 

densestriatMB, 

idoceroides. 

midiGhotoxxius. 

ohahnasi. 


t 

J 


‘ Lower Berriasiau or 
Purbeckian.’ 


{ 

[ 


rotundus. 
pectinatus. 
blahei. ■ 

virgatiis. 

‘ miatchJcoviexisis.^ 

danuhiensis. 

vimixiexis. 

ulmensis. I 

hleiclieri. | 

zio. I 

ooinatus. f 

pseudopoUUila. 
subeumela. 1 

pre~graoesi. J 

phorcus* 
eudoxus. 
psetidomuta bill s. 
ba Merits, 
nmtahilis. 
poJgpXocus. 
platgnota. 
planulus. 


* Volgian.* 


‘ Lower Tithonian ’ 
(‘ avanthicna zone q. 


^ Op. cit. (‘ Lethsea Geognostica * fasc. 2, 1910) pp. 171--82. 

5 ‘ Traits de Gdologie ” vol. ii, fasc. 2 (1907) p. 1075. 

® Titbon wa.s the spouse of JSos (Aurora), the goddess of dawn. 

^ ‘ Portlandien, Tithonique & Volglen * Bull, Soc. G^ol. ISVance, ser, 3, 
voh xxvi (1898) pp. 197-228. 
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This sequence is based on a list given by me ^ on a previous 
occasion, but cannot be considered to be more than tentative ; for 
a beginning is only now being made with the recognition of the 
incompleteness of the Mesozoic record, and the former view still 
holds sway that sepamte zoological provinces account for the 
faunal difcrences between, for instance, the ‘ Volgiaii ’ and the 
Tithonian. For the ammonitiferous Upper Jurassic deposits here 
discussed division into ‘ ages ’ based on the dominant Ammonite 
families, as practised by -Mr. S. S. Buckman, seems to recommend 
itself to the specialist ; but, whether we divide the Tithonian into 
the thi’ee zones mentioned above, retaining those that are well- 
known to the general geologist, or whether we change these into 
three corresponding ages : Berriasellidan, Kossmatian, and Aulaco- 
sphinctoidan, seems of little import. In the upper (p^'ivasejtsis') 
zone there is the maximum development of the’ family Berriasel- 
lidae, with many new genera, including Parodontoceras, gen. nov., 
for the group of JSoplites callistoides Behrendson,^ and Prot- 
acauthodiscus, gen. nov., for the group of Slo^lites andretei 
Kilian.^ The genus Berriasella itself, with Substeueroceras, 
gen. nov. (group of Odontoceras hoeneni Steuer^), ranges into 
the Spiticeratan age of the Infravalanginian or Upper Berriasian 
of some writers. 

The succession of Kossmatia tenuistriafa (Gray), JOurangites 
densesfriatus Bui'ckhardt, and ^roniceras idoceroides Burokhardt, 
in the zone below, is tentative, and based so far chiefly on the 
Mexican sequences. The abundant Paraholiceras of the Sj^iti 
Shales probably belong to this zone. 

The contigims zone is chamcterized by its Perisphinctids. The 
family Virgatitidse, with many Portlandian and Upper Kim- 
meiidgian genera, is replaced by the earliest Yirgatosphinctidse, 
notably VirgatospMiictes, simulating the Ataxioceratid genus 
JLitTiacoceras of the tilmensis zone below, and the genus ^tdaco- 
sj^Tiinctoides, which has great similarity to Tof'guatispTiincfes of 
the gig as {^hecTceH^ and ^ acanthicus'* zones) of the Middle 
Kimmeridgian. Toucas’s® Pi'phydk.zSk. may correspond to this 
Aulacosphinctoidan age. 

As regards the Portlandian, Saif eld ^ quotes Pavlow’s beds with 
Ajmmonites hononiensiSi hlahei, devillei^ and triplicates as 
equivalents of the Portlandian, but the identifications are probably 
at fault. What beds of this age there 'may be in the Alpine- 
Mediterranean area have not been recognized, and may contain 

* 0;p. cit. (Pal. Indica, 1923). 

* In A. Steuer, ‘ Argentinisohe Jnra-Ablag’erniigen * Pal. Ahhandl. vol. vii 
(1897) p. 41 (167) & pi. xvii, figs. 13-15. 

* Etudes Paldontologiques, &c.’ in Mission dAndalousie, Mem. Acad. Sci. 
Paris, vol. xxx, ser. 2 (1889) p. 670 & pi. xxxii, figs, 1 a~l 5, 

Op, su<pra cit, (1897) p. 45 (171) & pi. xvii, figs, 1-3. 

® ‘Etude de la Eaune des Couches Tithoniques da rArd^ehe’ Bull. Soc. 
G^ol. Prance, ser. 3, vol. xviii (1890) table to p. 625. 

® ‘Die Gliederung des Oberen lura in Nordwesteuropa ’ Neues Jahrb. 
Bexlage-Band xxxvii (1914) table ii to p. 174. 
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merely the indifferent ammonite genera ]?liylloceras, Lytoceraa, 
and Jriajylocerais. At any rate, the zone o£ Oppelia I ithorp'aphica , 
Hang’s lowest zone of the Tithonian, contains VFaayenia Jiyhonota 
of the steraspis zone, and is thus of Middle Kimmeridgian age. 

The Upper Kimmeridgian genns IPseudovirycttifes has probablj' 
often been confused, with the much later Yirgatos^phinafes, The 
other Virgatitid genera are usually believed to bo confined to the 
‘boreal’ province, and the term Volgian has been introduced for 
these Upper Kimmeridgian Beds. But the difficulty now arises of 
placing the Aquilonian, or the Russian Graspedites zones which 
are put by recent writers like Salfeld as equivalents of the 
Purbeckian, whereas Abel,i in 1897, had correlated the Up]>er and 
Lower Volgian, including the ‘Riasan horizon,’ with the Upper 
Tithonian. 

The Graspedites zones follow on ]>eds that have been considered 
to be Portlandian, though probably wrongly, as stated above. They 
are overlain unconformably by the Hiasan Beds with a characteristic 
new genus of BeiTiasellidse, namely Riasanites, gen. nov. (group 
of H^oplites rjctsaneiisis (Labusen)®), and, according to Kilian,^ 
It. rjasanensis has been rediscovered in the Upper Tithonian of 
the Rh6ne Basin. 

These Graspedites beds ai*e thus well down in the Jurassic, and 
their ammonite fauna consists of the genera Graspedites, 
purites, and Garnierioeras. In the Knoxville Beds, the genem 
Durangiies, Kossmatia, and Bfenoceras are associated with a 
^ Graspedites (J Oloostephamis'* omitahilis Stanton‘S); but therein 
a contemporary of Kossmatla: namely, Grayiceras of Sim- 

hirsJcites nepalensis G-ray sp., and S. mexicamis Burckhardt), 
which also resembles these Cmspeditids. On the other hand, the 
Graspedites of the Upper Volgian are supposed to be close to 
those of the Biasan Beds, and Pavlow ^ recognized six species of 
the latter as being found also in the beds with ‘ Oxynofioeras ’ and 
* Graspedites ’ stenomplialus of the district of Alatyr (Russia). 
Bogoslowski ® thought the latter even youngei*, which would make 
them undoubtedly Cretaceous ; but it may be recalled that the 
‘ Oicynoficeras ’ described by Stchirowski have also been identified 
with the Gamier icer as of the Upper Volgian. In reality, there 

^ ‘Die Titbonschioliten von Niederfellahrunn, &c.* Verhandl. K.K, Geol. 
Beiclisanst. Nos, 17--18 (1897) p. 360. 

® In Bogoslowsky, ‘ Ber Bjasan-Horizont, &c.’ Mater, Geol. Russl. vol. xviii 
(1897) p. 142 & pL V, figs. 3-4. 

^ ‘Notice Stratigraphiqne snr les Environs de Sisteron, <&c.’ Bull. See. 
G^ol. Prance, ser. 3, vol. xxiii (1895) p. 684. 

* ‘ The Pauna of the Knoxville Beds * Contrib. Cret. Pal. Pacif. Coast, 
Bull, tr.S. Geol. Surv. No. 133 (1896) p. 77 & pi. xv, figs, 1-5 : probably three 
species of Suberaspedites (referred to SimhirsTiitea by Uhlxg, 02 >. cii, 1911, 
p. 354). 

® ‘ Le Or6tac^ Inf<Srieur de la Bussie & sa Paune ’ Nouv. Soo. Imp^r. 

Natural. Mosoou, vol, xxi, livr. 3 (1901) p. 39. 

® * Materialien zur Kenntnis der Untercrei^oischen Ammonitenfauna von 
Central- & Nord-Russland ’ M4m. Com. G^ol. St. P^tersb. n, s. vol. liv, livr. 2 
(1902) table on p. 160. . 
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is as little resemblance to G-arniericeras, with flat and ronnded 
umbilical border and difEerent suture-line, as to the Valanginian 
FlatylenticeraB and Tolypeceras, with a very characteristic small 
first lateral lobe. Even Qariiiericeras suhclypeiforme Mila- 
schewitsch, in Nikitin, ^ which comes closest in suture-line, is merely 
an involute G. catenulatnm (Trautschold), and the new genus 
Fseudogarnieria nov. (type ; Oxynoticeras undulato-plicatUe 
Stchirowsky is now proposed for this group. The ‘ Hoplites ’ 
found in the same beds : namely, Proleopoldia, gen. nov. (group 
of JBLo'plites Tcurmyseliensis Stchirowsky) ^ can pei*haps be matched 
only by the Patagonian ‘ Leopoldia ’ described by Favre ^ and by 
the genus Satckerieercis Stanton.® But the latter are associated 
with Jdavrellai which resembles ^arciboliceras^ !Kossmatia^ and 
JBlanfordic€7'as. Uhlig ^ thought that JBerriasella and ‘ Strehlites ’ 
belonged to the same assemblage, wherefore the Upper Jurassic and 
not Cretaceous age of the Bussian beds in question is almost certain. 

The three genera of the Oraspedites beds of the ‘ Aquilonian ’ 
might, of course, still be considered to be boreal equivalents of 
such southern tj^pes as JPro7iiceras and Haplocevas^ with simpli- 
fying suture-lines, and referred to the Tithonian. But it may be 
useful to give here a record of the sequence at Eachpur, as it 
apx^ears to be represented by a number of specimens in the collec- 
tion of the late J. F. Blake- There may have been confusion of 
beds, but the specimens are numbered in the following order : — 

4-5. QarnieHceras siibcly^eiforme (Milasohewitsch). 

Cras'pedites nodigey (Bichwald), 

(^Garniericei'as-catenulatum fauna missing*.) 

3. Epivirgatites nihiiini (Miclialaki) and allies. 

Epivirgatites aff. dorsoplanus (Viscknialcoff) Miclialski. 

Oraspedites of. suhditus (Trantschold). 

Kachpuriies fulgens (Trautschold), 

KachpuHtes suhfidgens (Nikitin). 

2, Virgaiites virgat^is (von Buch) and Yirgatites sp. 

Epivwgatites nihitini and spp. 

Epivirgatites, sp. nov. (scytMcus Michalski, pars). 

Oraspedites of. okensis (d’Orbigny). 

KachpiLrites, sp. nov. aff. fulgens (Trautscliold). 

1. Virgaiites virgatus (von Buck) and spp. 

Bituminous Sohists : 

Pseudovirgaiites of. schlosseri Schneid, and spp. 

^ ‘ AUgemeine Geologische Kart© von Rusaland : Blatt 56 * ibid. vol. i. 
No. 2 (1884) p. 149 & pi. ii, figs. 12-14. 

* * XJeher Ammoniten der Genera Oasynoticems & PCoplites aus dem Nord- 
Simbirsk’schen Neooom ’ Bull. Soc. Imper. Natural. Mosoou, No. 4 (1893) 
p. 372 <& pi. XV, fig. 3. 

3 Ibid. p. 378 & pi. xvi, fig. 2. 

‘ Die Ammoniten der Unteren iCreide Patagoniens * Neues Jahrb. Beilage- 
Band xxv (1908) pp. 624, &o. & pis. xxiv-xxv. 

* * Tb© Marine Cretaceous Invertebrates ' Bep. Princeton ITniv. Bxped. 
Patagonia, vol. iv. Pal. (1901) p. 41. 

® Op. cit. (1911) p. 426. Uhlig also mentions a Himalayitesi -that is, 
Kolcostephanus Tiobler-hiUensis Favre; but this appears to b© rather of Ijow©i* 
Spiticera'tan (or basal Cretaceous) age. 
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Even supposing that the virgatit^s beds of Rvissia represent a 
condensed deposit, comprising several hemerae of the v>irgitUis and 
pallasiamis zones of the table (p. 304), the Cpas2)e€liies zones 
would not be higher than the Upper Kimineridgian, if Blake's 
sequence is to he trusted. It may also be mentioned here that 
Virgati tes miatschhoviensis which was taken by Salfeld as the 
index-fossil of the zone below the virgatus zone, shows tlie closest 
resemblance to the forms of the group of JB^^ihnrgaiife^ 

It is clear that more information is required before we can 
correctly place the ‘ Aquilonian or accept the distinctness of the 
boreal province, still maintained by H. Salfeld^ who, however, 
claims isolation, not the existence of climatic zones, to be the cause 
of the dilferentiation of faunas. 

As regards the Cretaceous beds with Suhcrat^pedifrs of the 
plicompliahis-sfenomjy^iahts grouji, such as the Spilsby Sandstone, 
from which a form comjDared to the Aquilonian 07'as2:)e{h’fefi nodiger 
(Eichwald) has been recorded, ^ they will be dealt with in a 
forthcoming paper on the succession at Speeton. 

(5) Summary of New Names. 

BiSGAJttPHiCEBAS, gen. nov. (p. 288). 

Genotype ; JSgoceras Tcammerkerense (Giimbel) WaBhner. 

Paradasycbras, gen. nov. (p. 291). 

Genotype: PhyUoceras nermSsense (Herbich) Woehner. 

Pabodontoceras, gen. nov. (p. 805). 

Genotype : Hoplites oalliatoides (Bebrendson) Stenor. 

PBOTACANTHOniscus, g'en. nov. (p. 305). 

Genotype ; JSoplites andresei Kilian. 

Stjbstbijerooeras, gen. nov. (p. 305). 

Genotype : Odontoceras Tiwneni Stener. 

Biasanites, gen. nov. (p. 306). 

Genotype : JSoplites rjasanensis (Lahnaen) Bogoslowaky. 

PSBUDOGABNIEBIA, gen. nov. (p. 307). 

Genotype : Oxynotic&t'as undiilato-jdicatile Stchirowsky. 

ProIiEOPOLDIA, gen. nov. (p. 307). 

Genotype : Moplites TcurmyscJiensis Stchirowsky. 

Tragophylloceras badstockense, nom. nov. (p. 293). 

=JSgoceras loscomhi Wright, pars, non Soworby. 

AulacospJiincfoides UHLIGI, nom. nov. (p. 299). 

—Aulacosphinctes torquatus Uhlig non Soworby sp. 

Anlacosphinctoides mabshalli, nom, nov. (p. 299), 

= Periftphinctes sp. Boehm. 

^ ‘ Die Zoogeographisehe Stellnng des Suddeutsehen Oboren Juras ’ 
Zeitschr. Dentsch. Geol. Gesellsch. vol. Izv (1913) Monataber. pp. 441-48 ; 
also ‘Das Problem des Borealen Jura & der Borealen XJnterkreide " Centralbl. 
f. Min. &c. 1921, pp. 169-74. 

“ J. Pringle, ‘ Paleontological Notes on the Donnington Borehole of 1917 ’ 
Summary of Progress of the Geol, Surv. for 1918 (1919) App. iii, p. 60. 
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EXPLAN'ATION OP PLATES XII-XVTII. 

Plate XII. 

Pig'S. 1 a, 1 b, & 1 c. Psilocems (Pnphyllites ?J sp. nov. indet. Lower Lias. 

Junction of Taylor’s Creek with the Otapiri, Hokomii Hills. 
Natural size. 1 « & 1 6, side view and cross-section ; 1 c, suture- 
line, restored and mag-nified, Trechmann Coll- (See Appendix, 
p. 288.) 

2 a & 2 b. Psilocems sp. cf. calcimontanum (Wsehner). Same locality. 
Natural size. Side-view and sectional outline. N-Z. Greol. Surv- 
Goll. (See Appendix, p. 289.) 

Pig. 3. Psiloceras (Euphyllites ?) sp. indet. Same locality. Natural size. 

Trechmann Coll. (See Appendix, p. 289.) 

Pigs. 4a & 4b. Psiloceras ('Euphyllites?) sp- indet. Cjuv.). Same locality. 

Natural size. 4 b, suture-line restored and magnified. N.Z. Geol. 
Surv. Coll. (See Appendix, p. 289.) 

Pig. 5. Rhynchonella sp. Hettangian. Junction of Taylor’s Creek with the 
Otapiri, Hokonui Hills. Natural size. Ventral \uew. Trechmann. 
Coll. (See p. 282.) 

6. Oxytoma sp. Same locality. Natural size. Gutta-percha squeeze 

of the left valve. Trechmann Coll. (See p. 272.) 

7. Oxytoma sp. Same locality. Natural size. Left valve showing the 

right valve below it. Trechmann Coll. (See p. 272.) 

8. Oxytoma sp. Same locality. Natural size. Cast of the left valve. 

Trechmann Coll. (See p. 272.) 

9. Oxyioma sp. Same locality. Natural size. Cast of the left valve. 

Trechmann Coll. (See p. 271.) 

10. PteHa of. co7itorta Portlock. Slopes of South Peak, Benmore (Hoko- 
nui Hills) ; Rhsetio (?). Natural size. Oast of the left valve. 
N.Z. Geol. Sury. Coll. (See p, 273.) 

Pigs. 11 a <& 11 b. Pleuroiomaria sp. Hettangian (P). Lower Ammonite- Bed 
at Taylor’s Creek, Hokonui Hills. Natural size. Gutta-percha 
squeeze, showing the spiral and umbilical aspect. N.Z. Geol. Surv. 
Coll. (See p. 261.) 


Plate XIII. 

Pigs. 1 a «& 1 b. Astai'te spitiensis Stoliozka. Bathonian-Oxfordian. Totara 
Point, Kawhia. Natural size. Left valve, and anterior aspect of 
the same. Trechmann Coll. (See p. 279.) 

Pig. 2. Asta7’te cf. soicerhyana Holdhaus. Same locality. Natural size. 
Left valve. Trechmann Coll. (See p. 280.) 

3. Asiarte cf. scytdlis Holdhaus. Same locality. Natural size. Bight 
valve, outline restored. Trechmann Coll. (See p. 280.) 

Pigs. 4a & 4 b. Astarte (Opis ?) inorgani, sp. nov. Same locality. Natural 
size. Left valve and anterior aspect of the same. Trechmann 
Coll. (See p. 280.) 

Pig. 6. Astm^ie (Opis?) morgani. Same locality. Natural size. Bight 
valve of another specimen. Trechmann Coll. (See p. 281.) 

Pigs. 6-9. Trigonia Icawhiaoia, sp. nov. Southern shore of Hawhia Harbour. 

Natural size. Gutta-percha squeezes of the right and left valves. 
N.Z. Geol. Surv. OoU. (See p. 277.) 

Pig*. 10. Oxyioma sp. Southern shore of Kawhia Harbour. Natural size. 
Left valve. N.Z. Geol. Surv. Coll. (See p. 273.) 

11. Pecten (Gamptonectes) cf. lens J. Sowerby. Bathonian-Oxfordian. 

Totara Point, ICawhia. Natural size. Imperfect left valve. 
Trechmann Coll. (See p. 276.) 

12. Amherleya Zealand, ica, sp. nov. Same locality. Natural size. 

Trechmann Coll. (See p. 262.) 
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!Fig. 13, Cerithinella sp. Totara Point, KawKia. Natural size. N.Z. Geol. 
Surv. Ooll. (See p, 262.) 

14. Pseiidomonotis cf. echinafa Sowerby. Between Nugget Point and 

Gatlins Eiiver. Somewhat enlarged. Gutta-perclia squeeze of the 
left Talve. N.Z. Greol. Surv. Coll. (See p. 271.) 

15. Pseudomonotis cf. echinata. Same locality. Slightly enlarged. 

Gutta-percha squeeze of the right valve. N.Z. Geol. Sar\^ Coll. 
(See p. 271.) 


Pt,ATE XIV. 

Pig, 1. Phyllocems aff. mediterrane)i.m (Netimayr) auct. Middle or XJpi>er 
Jurassic. Totara Point, Kawhui. Rather more than a quarter of 
the natural size. Specimen with part of the body-cliamher pre- 
served, displaced at d. Treohmann Coll. (See Appendix, ij. 2J)4.) 

2. Aucella f?J marshalli, sp. nov. Middle Jurassic. Sandy Bay, near 

Nugget Point, South Island. Natural size. Left Viilve. Marshall 
Ooll. (See p. 2G9.) 

3. Aucella (9) marshalli. Same locality. Natural size. Left v.'ilve 

with right opposed. Somewhat crushed. Marshall Coll. (See 
p. 269.) 

4- Aucella C?J marshalli. • Same locality. Natural size. Right valve. 
Marshall Coll. (See p. 269.) 

5. Aucella spitiensis cf. var. extensa Holdhaus. iri)per Jurassio. 

Waihato, South Heads (North Island). Right valve with the beak 
of the left valve in apposition. Natural size, Truchmann Coll. 
(See p. 267.) 

6. Aucella apitiensis of. var. extensa. Same locality. Natural .size. 

Left valve. Treohmann Ooll. (See p. 267.) 

7. Aucella epitiemia of. ‘ forma typica.’ Same locality. Natural size. 

Left valve. Treohmann OoU. (See p. 267.) 

8. PamUelodoa egferioaiamts Stoliczka. ‘ Upper Jurassic.’ Waikato (f-). 

Natural size.. Anterior part of a left valve. Trechmann Coll. 
(See p. 263.) 


Plate XV. 

Pig. 1. Inoceramus cf. qaloi G. Boehm. Bathonian-Oxfordian. Totara 
Point, Kawhia. Two-thirds of the natural size. Loft valve and 
beak of the right valve. Trechmann Coll, (See p. 274.) 

2. Inoceramus of. galoi. Same locality. Two-thirds of the natural 

size. Part of a right valve. Treohmann Coll. (See p. 274.) 

3. Inoceramus haasti Hochstetter. ‘ Middle Jurassic.’ Kohai Point, 

Kawhia. Two-thirds of the natural size. Left valve. Beak 
missing. Trechmann CoU. (See p. 275.) 

4. Pecien (Syncyclonema) sp. Callovian (F). Flag Hill, Hokonui Hills 

Natural size. Left valve (?), gutta-percha squeeze. Trechmann 
CoU. (See p. 276.) 

5. Leda sp. Callovian (?). Flag Hill, Hokonui Hills. Natural size. 

Right valve, gutta-percha squeeze. Trechmann Coll. (Soo p. 263.) 

6. Pseudomonotis ’ marshalli, sp. nov. Callovian (?). Flag Hill 
Hokonui Hills. Natural size. Left valve. Trechmann Call. (See 
p. 270.) 

7. ^Pseudomonotis* marshalli. Same locality. Natural size. Left 

valve of another specimen. Trechmann Ooll. (See p. 270.) 

8. ‘ Pseudomonotis ’ maralmlli. Same locality. Natural size.* Right 

valve. Trechmann CoU. (See p. 270.) 

9. ' Pseudomonotis ’ mavshdlli. Same locality. Natural size. Another 

right valve. Treohmann OoU. (See p. 270.) 
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P1.ATB XVI. 

Fig*. 1. Bliynchonella (Cryptorhynchia) Icairlxianct, sp. nov. Bathonian- 
Oxfordian. Totara Point, Kawhia. Natural size. Dorsal valve. 
Trecliniann Co]l. (See p. 283.) 

Pig’S. 2«, 2?>, & 2 c. Ilhijnchonella COryptorhyxichiiiJ Icawlviana. Same loca- 
lity. Natural size. Ventral and dorsal valves, and lateral aspect, 
with the spines broken oft*. Trechnianii Coll. (Sec p. 283.) 

Pig". 3. RhiyncJianella ('CrypforhyxichiaJ l:an'lhiaiia. Same locality. Natural 
size. Crushed valves showing* the long spines preserved in the 
matrix. Trechmann Coll. (See p. 283.) 

Pigs. 4a & 4 h. Terehratnla (Heimia?) sp. Callovian (r). Plag Hill, Hokonui 
Hills. Natural size. A cast of the dorsal valve and ventral beak ; 
also lateral aspect. Trechmann Coll. (See p. 285.) 

5. Terebmtnla (KiitchitliyrisJ cf. acutiplicata Kitchin. Bathonian— 

Oxfordian. Totara Point, Kawhia. Natimal size. Dorsal aspect. 
Trechmann Coll. (See p. 284.) 

6. Terehratvla (KidchitlLyrisJ cf. acutiplicata. Same locality. Natural 

size. Another specimen, dorsal asx^ect. N.Z. Geol. Surv. Coll. 
(See p. 284.) 

Terehratiila (KutchiihyHs) ci. acutiplicata. Same locality. Natural 
size. Drawing of lateral aspect. Trechmann Coll. (See p. 284.) 
Pigs. 8 a & 8 b. JRJbynclwnella sp. Callovian (^). Flag Hill, Hokonui Hills. 

Natural size. A cast rather crushed and distorted, ventral and 
dorsal aspects. Trechmann Coll. (See p. 281.) 

Pig. 9. BhyncJionella sp. Same locality. Natural size. A cast, dorsal 
aspect. Trechmann Coll. (See p. 282.) 

10. Bhyuchonella sp. Same locality. Another cast, dorsal aspect. 
Trechmann Coll. (See p. 282.) 

Pigs. 11 a & 11 b. Sjyiriferina l?) Bp. Same locality. Natural size. Ventral 
valve ; gutta-percha squeezes of the exterior and interior. Trech- 
mann Coll. (Sec p. 285.) 

Pig. 12. Belemnopsis sp. Upper Jurassic. Te Puti Point, northern shore of 
Kawhia Harbour. A complete guard, ventml view. Natural 
size. Trechmann Coll. (See p. 260.) 

13. Belemnopsis sp. Same locality. A complete guard, ventral view. 

Natural size. Trechmann Coll. (See p. 261.) 

14. Belemnopsis sp. Bathonian-Oxfordian. Totara Point, Kawhia. 

Natural size. Complete guard, ventral aspect. Trechmann Coll. 
(See p. 259.) 

15. Belemnopsis sp. ‘ Middle Jurassic.’ Te Ahu Ahu, Kawhia. Natural 

size. Broken guard, ventral aspect. Trechmann Coll. (See 

p. 260.) 

16. Belemnopsis sp. Same locality. Natux*al size. Bj'oken guard, ven- 

tral aspect. Trechmann Coll. (See p. 260.) 

Plate XVII. 

Pig. 1. Uhligites liectori Spath. Upper Jurassic (Tithonian ?). Te Puti 
Point, northern shore of Kawhia Harbonr. Lateral view, about 
nine- sixteenths of the natural size. Trechmann Coll. (See Ap- 
pendix, p. 298.) 

Pigs. 2 a & 2 b. Aiilacospliinctoides hroivnei (Marshall). Same locality. 

Lateral view and sectional outline. Natural size. Trechmann Coll. 
(See Appendix, p. 298.) 

3a & 3 b. AulacospMncioides sp. iadet. Same locality. Lateral view and 
sectional outline. Natural size. Trechmann Coll. (See Appendix, 
p. 299.) 

Pig. 4. Aucella plicata Zittel. ‘Middle Jurassic.’ Kohai Point, Kawhia. 

. Natural size. Left valve. Trechmann Coll. (See p. 266.) 



Figs. 5 a & 5 b. Aucella plicata. Same locality. Natural size. Loft valve 
and anterior view of the same. Treclimann Coll. (See j). 2CG.) 
Fig. 6. Aucella plicata. Same locality. Natural size. Night valve. 

Treclimann Coll. (See p. 266.) 

7- Aucella pUcata. Same locality. Natural size. Eight valve. 

Trechmann Coll. (See p. 266.) 

S. Aucella pUcata. Same locality. Natural size. Left valve. Troch- 
mann Coll. (See p. 266.) 

Plate XVIII. 

[All the figures are reduced to two-thirds of the natural size.] 

Figs. 1 a & 1 b. Phylloceras-SL^. partsclii (Stnr MS.) Hauer sp. Lias (Middle ‘r), 
New Zealand. (B.M. No. G 5201 A.) lu, lateral vieiv; 1 b, sec- 
tional outline. (See Appendix, p. 290.) 

2 a, 2 6, <& 2 c. RhacophylliteiS aft*, dio-psis (Gemmellaro). (B.M. 

No. C 5200.) 2 a <& 2 b, lateral views ; 2 c, peripheral view. (See 

Appendix, p. 292.) 

3 a &, 3 b. Thysanocems cf. cornucopia (Young & Bird). (B.M. 

No. 0 5202.) S a, lateral view ; 3 6, septal surface at the larger 
end. The impressed doi-sal zone is narrow, but distinct. (See 
Appendix, p. 293.) 


Discussion. 

Dr. F. A. Bather considered that the geologists and paheon- 
tologists of both this country and New Zealand were equally 
indebted to the Author for so carefully collecting these specimens 
and bringing them to one of the great centres where they could 
be compared with similar fossils from other parts of the \vorld, 
and thus elucidate, not merely their own affinities, hut the wider 
problems of geolog3^ Thus the palaeontologists of New Zealand 
were provided with correct determinations for their fossils, and the 
officers of the British Museum learned the correct localities and 
horizons for inateidal previously acquired under less favourable 
conditions. Their thanks were clue to the Author and to Dr. Spatli 
for their very careful work. 

The Author expressed his appreciation of Dr. Bather’s remarks, 
and recalled the pleasure that the collection and inve.stigation of 
Jurassic and other fossils in New Zealand had afforded him. 
Bather than make new species, he was eager to trace the 
affinities of the New Zealand fossils with forms that occur in the 
Andes of South America, the Jurassic of Western Australia, the 
Malay Islands, New Caledonia (so far as that region is known), 
and the Kutch and Spiti Beds of India. The New Zealand 
Jurassic showed faunal affinity with all these regions, together 
with a certain individuality of its own. 
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13. On a CoLEECTiox of Fossil Plants from the Falkland 
Islands. By Prof. Aldert Charles Seward, Sc.D., 
Pres.G.S., F.K.S., and John Walton, M.A. (Road Decem- 
ber 6th, 1922.) 


[Plates XIX-XXII.] 

Prefatory Note. 

In May, 1922, I received from Dr. fl. A. Baker, F.G.S., a collec- 
tion of Permo-Carboniferous plants from the Falkland Islands 
which, with the consent of the Colonial Office, was entrusted to 
me for examination and description. At a later date additional 
specimens were received, some of which, although unfortunately 
too imperfectly preserved to be determined, were from rocks classed 
as Devono-Carbonitei’ous. The Permo-Carboniferous material was 
collected on George Island and Speedwell Island off the southern 
extremity of East Falkland, also at North Arm, Bay of Harbours, 
near the southern extremity of East Falkland ; while others were 
found at Cygnet Harbour ami Egg Harbour on the western coast 
of Lafonia (fbe southern peninsula of East Falkland), and at 
Dos Lomas on the north-western coast. 

In the examination of the fossils I have been assisted b}^ 
Mr, John Walton, of St. John’s College, Cambridge, who is 
responsible for the description and determination of the fossil 
wood. — [A. C. S.] 

Introductory. 

Subsequent to Charles Darwin’s visits to the Falkland Islands 
little attention was paid to their geology, until the Archipelago 
was visited in 1901-1902 by Prof. J. G. Andersson and other 
members of the Swedish South Polar Exj^edition. The results 
then obtained were considerably extended by a second Swedish 
Expedition in 1907—1908, under the direction of Dr. C. Skottes- 
berg*. Dr. T. G. Halle, of Stockholm, who was a member of that 
expedition,, contributed to the Bulletin of the Geological Institute 
of the University of Uppsala, in ,1911, a very valuable account of 
the geological structure and history of the E^ilkland Islands. In 
a preliminary note on the flora of Graham Land, subsequently 
described in detail by Dr. Halle, the late Dr. A. G. Nathorst^ men- 
tioned the discovery by Dr. J. G. Andersson, in the Falkland 
Islands, of some fragmentary plant-remains which it was thought 
might be pieces of A.sterocitlamites. The fact that Andersson 
stated that the beds from which the fossils had been obtained 
were of Devonian age influenced Nathorst in his preference for 
j±sterocal (unites over JPhi/Uotlieca or ScJiizo?ieur(f, genera which 
in the character of their stem-casts closely resemble tlie older 
genus A-sterocalamites. The specimens were shown by Nathorst 

1 Nathorst (06). ' Numerals in parentheses refer to the Bibliography, p. 331. 
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to the late Dr. E. A.. Newell Arber, who believed them to be 
referable to IPliyllotheca. Further examination led Natborst to 
adopt this view : he did not commit himself to a sjieeilio deter- 
mination, but compared them with JPJiyUofheca dt-hquesceiifi 
( G-oeppert) f rom Permian beds in llussia. Dr. Halle’s more recent 
discoveries confirmed Nathorst’s conclusions. 

Description of the Fossils collected by Dr. H. A. Bakei*. 

I. DETOJS^iA^f Plants. 

Dr. Baker’s collection includes a few indeterminable impressions 
on sandstone rocks from Port Philomel (Halfway Cove) on the 
western coast of West Falkland, the locality from which Dr. Halle 
obtained some imperfectly preserved fossils described by liiju as 
‘ Lepidodendroid fragments’, etc. The strata at Halfway Cove 
underlie marine fossiliferous beds considered to be equivalent in 
age to the Bokkeveld Series of South Africa. The plant-remains 
are carbonaceous impressions of stems, the largest of which has a 
diameter of 1 cm., and shows portions of lateral branches. No 
surface-features are visible, and identification is impossible. It is 
not improbable that the fossils are fragments of some Lepidoden- 
droid plant similar to the better examples discovered by Halle and 
to those shown in figs. 1 & 2 (PL XIX). 

Lepidodendroid stems. — On the north side of Port Purvis, 
West Falkland, a few traces of Lepidodendroid plants v/eve col- 
lected from shale at a higher horizon in the pre-Gondvvana Series. 
The specimens shown in figs. 1 2 (PL XIX) appear to belong to 

pax'tly-deoortieated stems hearing spirally -disposed leaf -scars : no 
surface-pattern can he detected. Both reproductions are about 
1-^ natural size. The depressions are more or less circular, and 

have the form of obliquely sloping- 
areas; the U 2 :)per edge is more abrupt 
than the lower portion of the s]o])ing- 
floor of the depression, whicli merges 
gradually into the general levtd of 
the stem. Some of the depressions 
are filled with a cii-eular patch of 
carbonaceous matter as in scar b, 
text-fig. 1 : in sear a the filling 
material is more reniform, and a 
median hump or ridge is seen on the 
lower margin. In scar c the filling 
material is absent, and the oonti-al 
part of the depression is in part 
occupied by a projecting, blunt ridge. 
The specimen shojvn in fig. 1 (PL 
- „ XIX) has a maximum diameter of 

i crowded, and this produces the effect 

f no*izontal and a steep spiral arrangement. In some 

of the sCi^X’s thex’C i3 a median ridge as in scar <?, text- fig. 1, It 


Fig, 1 . — A i^oriion of ilie 
liepidodendroid stem re- 
produced ill JE*l, ATZA", 
jiff. enlarffed three 
times to show the leaf- 
scars. 
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may safely "be assumed that the depressions are leaf -scars, and not 
the scars of roots. The broad ridge seen in several of the dei^res- 
sions is probably the cast of a vascular strand suppUung a leaf. 
If the depressions were root-scars, one would expect*^ to^ find a 
central vascular scar as in Stlgmaria. 

Dr. Halle figures some stem-fragments from Halfway Cove 
which he calls ‘ Lepidodendroid fragments ’ : of these the smaller 
piece represented in his pi. vi, fig. 3,i agrees closely with our 
specimens. Halle’s larger specimen differs in the more oval and 
elongate form of the scars, and in the j)i'esenee of a small j>it on 
the cast of each leaf-scar. It is, however, probable that desiiite 
these slight differences, Halle’s specimens and those collected by 
Dr. Baker are portions of closely allied, or possibly identical, plants. 

Lepidodendroid stems su^Derfieially similar to the Falkland speci- 
mens have been described from several parts of Gondwanaland, both 
from Permo-Carboniferous and from older rocks. It is noteworthy 
that such fossils as JBotliroJendron Leslii Seward from the Lower 
Karroo beds at Vereeniging,- a specimen from Lower Gondwana 
rocks in Brazil referred by White to Li/cojyodiopats Uerhyi 
Benault,® and Cyclostigma sj). figured by FeistmanteD* from a 
supposed Devonian locality in Hew South Wales, differ from the 
Falkland specimens in the presence in the depressions of a central 
pit in place of an obliquely placed cast of a vascular strand. Some 
of the specimens of Botlirodendroii irreguJare Schwarz ® from the 
Witteberg Beds of South Africa hear, on the whole, the closest 
resemblance to those rexiroduced in figs. 1 2 (PL XIX). The 

possibility of affinity of the Lepidodendroid fragments to some 
Devonian genera other than JBotlirodendroii or CgolosHgma should 
not be overlooked, although it is clearly impossible on the available 
evidence to make definite statement. Two pieces of stem from 
Lower Devonian rocks in Norway assigned by Halle to A.rt7iro- 
stigrna gracile Dawson ® exhibit features similar to those of the 
Falkland fossils, but we know nothing of the axojDendages which 
w'ere attached to the scars of the latter. On the wdiole, the Le]>ido- 
dendroid stem-fragments suggest comparison with the Witteberg 
sx)ecies JBotJirodendron irregulare Schwarz, ’which would be more 
ax>i)roj)riately included in the genus Qyclostigma^ on the ground 
that the specimens show no trace of the ligular pit characteristic 
of JBotlirodendron, In tlie absence of specimens showing well- 
Xjreserved surface -features, the precise affinities of the Witteberg 
stems cannot be settled : the fossils described by Schwarz and other 
authors from the South African beds may not be generically 
identical with the European stems included in CgcloBtigma or 
JBotlirodendron. 

The geological age of the Witteberg Series can hardly be 
determined with j)recision on the meagre j)al 2 eohotanical evidence 
available. In this connexion reference may be made to some 

^ Peistmautel (90) pi. ii, fig. *7. 

® Seward (09) pi. xxviii. 

6 Halle (16) pi. i, fig. 8. 


1 Halle (11). 
s Seward (03) pi- xi. 
a White (08) pi. v* fig. 11. 
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fossils described as JECastiniinia sp. from the Witteberg* Beds of the 
Ca23e Province,^ wliicli undoubtedly are closely allied to s^^ecinieiis 
described by David White as Hastimima Whitei from the Coal 
Measures of Brazil, and susj)ected by him to be animal rather than 
vegetable in origin. Believing* that the Brazilian and South 
African fossils might be 2 >ortions of bodj^-segiiients of Euiyjderids, 
one of us, some years ago, submitted the Witteberg siDecimons 
to Dr. Henry Woodward,^ who identified them as fragments of an 
Arthro 2 )od very similar in surface-features to the U 2 :) 2 Jer Devonian 
species ^^laypterus hihernicus Bail. 

It is not easy, it is indeed imjiossiblc, to say with con/idonce 
whether the Palkland Lej^idodendroid stem-fragments belonged to 
a plant more closel^^ allied to such a genus as Ci/closi if/ina, 
including some Uj^per Devonian S 2 >ecies referred to Hothrothimlroji, 
or whether it should rather be comjjared witli such older Devonian 
ty23es ns A.rt7i7'ostif/ma and I^rotolej)idode7i(lroji. The largest 2 >re- 
Carboniferous tree so far described is Arch^Bosicj ilhtria 
(Kogers)^ — more correctly, Protolepido(le7ich'on ]pri7}icBV7n)7^ as 
Berry has called it — ^from U 2 )per Devonian rocks at Naples (N.Y.). 
Although not S23ecifically identical with the Falkland fragments, 
this tree shows on some 2 ^arts of its surface leaf -cushions similar to 
those shown in our text-fig. 1. Protolepidode}idro7V is recorded 
also from the Middle Devonian of Bohemia,^ and, as Dr. K. Kidston 
informs us, the genus has been recognized, although the s2>ecimens 
have not been described, from the Middle Devonian of Caithness. 

In addition to the Lepidodendroid fragments from Halfway Cove 
described by Dr. Halle, which we believe to be closely allied to, 
or 2 iossibly. sj^ecitically identical with, Dr. Baker’s Port Purvis 


specimens, the same author figures some ‘indeterminable stem- 
fragments’ consisting of slender branched axes without apjiendages. 
He compares these with liosHme^isis Potonie Bernard 

from the Middle Devonian of Bohemia, although, as he states, 
actual determination is impossible. One of the branches shown in 
Halle’s pi. vi, fig. 8 bears at the apex a globular sw^elling in which 
the central region is differentiated from the more solid peri 2 :>heral 
portion. The account by Dr, 11. Kidston <fc Prof. W. H. Lang ^ 
of the remarkable genus Hornea from Middle Devonian rocks in 
Aberdeenshire suggested to one of us a possible clue to the nature 
of the globular body described by Halle ; it seemed possible that the 
eentmi space might re 2 n*esent the more delicate columella-tissues of 
the Horiiea^omn^mm. The Lower Devonian fossil ^][>oroao 7 i Has 
exube^'ans Halle,® from Norway, is undoubtedly a S2:>ore-bearing 
in structure to JIor?iea, A letter written to 
* * j 1921, in Avhieh a possible relationsliip of his 

nidetenninable stem-fiaginents ’ with Hornea and Stwroeont/es 
was snggested, elicited the following reply : ‘ I think it very likely 
that tlie P£osfz7?ieFla-like fossil which 1 have described from the 


* Seward (09), 

2 Woodward (09). 
« WHte, B, (07). 


** Potoni«5 & Bernard (04) p. 38, 
6 Kidston & Lang (20). 

® Halle (16) pi, iii, figs. 10-32, 
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Falkland Islands belongs to the Psilopliy tales, either to Slornea, 
as you suggest, or to some other tyj)e.’ 

Other Devonian specimens are described by Halle as ‘ unknown 
plant- fragments.’ These cannot be identified ; but it is perhaps 
worthy of remark that some obscure fossils, figured many years ago 
by J. W. Salter as ‘ rootlets from the Lower Old Ked" Sandstone 
of Caithness, bear a fairly close resemblance (in the presence of 
more or less S23herical bodies on some of the slender axes) to the 
fragment shown in Dr. Halle’s figs. 10 <fc 11, pi. vi. 

Summing up the slender evidence, we are disposed to coiivsider 
that the balance of probability is in favour of assigning the scanty 
relics of the oldest vegetation of the Falkland Islands to a 
Devonian flora, probably a Middle rather than an LTpper Devonian 
flora. Halle’s ‘ indeterminable fragments ’ and ‘ unknown plants 
as we have shown, bear a definite resemblance to Middle and 
Lower Devonian fossils of Europe, while the Lepidodendroid stem- 
fragments have been compared with fossils from both Upper and 
older Devonian rocks. 

It may, at least, be said that no satisfactory evidence has been 
obtained of the occurrence in the Falkland Islands of a typical 
Upper Devonian or Lower Carbonifei’ous European flora. 


II. Pehmo-Cahbohipebotjs Specimens. 

Some rock- structures associated with specimens of plants from 
Horth Arm, Bay of Harbours, are worthy of brief notice, because 
of their superficial resemblance to bulbous stems. These nodular 
or bulb-like bodies vary from 8 to 16 cm. in diameter, and are 
strongly marked out by their brown colour from the greyish-gi*een 
rocks in which they occur. The sides of the ‘ bvilbs ’ are smooth 
and sliekensided, and in some there is a flat, circular area in the 
middle of the upper and of the lower surface. Their ajjpearance 
suggests comj)arison with pieces of steel ptinched out of a thick 
plate. The rock would seem to have been subjected to some 
force acting at right-angles to the surface of the bedding.' There 
is no evidence that plants or other organisms were concerned in 
the production of these cuidous bodies. Similar sliekensided pieces 
of rock were described several years ago by H. B. Geinitz as fossil 
seeds. 


Eqiiisetaceous stems. 

The collection includes several sx^ecimens of Equisetaceous stems 
and branches, but unfortunately no leaves or leaf-sbeatlis. 
Imperfectly preserved, detached leaf-sheaths and small leaf- 
beai'ing* branches figured by Nathorst and by Halle demonstrate 
the occuiTence of the genus JPJiyllotJieca : they do not necessarily 
prove that all the . Equise'fcaeeous stems belonged to that type. 
In the absence of fairly well-preserved leaves it is impossible to 


1 Salter (58) pi. v, fi^a. 7a & '75. 
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distill guish, with confidGno© between stems of FliylrlotliGcci^ Schizo- 
neura^ Neocalamites, and JEq^uiseiites. JEq^ivisetites^ a genus 
widely spread in the Triassic and J urassic floras of the N orthern 
Hemisphere, is characterized by leaf-sheaths with short, free teeth 
which usxially lie close to the suHace of the stein as in the recent 
EqitiseUim^ and the vascular strands of adjacent internodes are 
alternate. In FhyJloiheca the leaf-sheaths are similar to those 
of Mq^iiisetites and I^quisetum, but they are often less closely 
appressed to the stem, and the individual leaf-lamina? are longer 
and more spreading. Moreover, in ^liyllotheca^ Bcliizoneiira^ and 
Neocedamites the vascular strands usuallj^ though not invariably, 
pursue a straight course from one internode to the next. We 
believe that several of the specimens obtained b}^ Hr. H. A. Baker 
bore leaves of the I^liyllotlieca type, but no complete leaf -sheaths 
liave been seen on any of his material. On the other hand, we 
have no doubt that some specimens of Bquisetaceous stems cannot 
be included in that genus. 


(A) Equi setaceous stems. Of. jPhyllotJieca cixisircdis Broiig- 
niart. (PL XIX, figs. 3, 4, & 6 ; PL XXI, fig. 16 ; text-fig. 2.)— 
Several specimens undoubtedly identical specifically with the stems 
refeiTed by Dr. Halle to JPhyllotJieca mistrcdis were obtained by 
Dr. Baker from George Island and other localities. In vie’sv of 
the careful description already published, it is unnecessary to deal 
with the additional examples in detail. The impressions of the 
basal portions of leaf-sheaths are often well preserved, and these 
hear a striking resemblance, in the flat ribs separated by narrow 
grooves or ridges, to the sheaths of JSquisetum, We have not 
detected any free laminae, either as detached fossils or connected 
with the sheaths. The fragment reproduced in fig. 4 (PL XIX), 
nearly twice the natural size, shows a practically smootli surface: 
close to a very slight nodal constriction there is a row of small 
projecting points which may represent a whorl of slender branches. 
As Dr. Halle points out, M*Coy described branching stems in 
the Australian ^hyllotJieca JBCooheri M.‘Coy, a species generally 
regarded as identical with JP7i, australis. 

Both Hathorst and Halle compare some of the Falkland speci- 
mens with deliquescens (Goeppert) from the Permian 

dei^osits of Kussia. We are inclined to regard the slightly larger 
examples of Equisetaceous stems, which agree closely with those 
compared by tlie Swedish authors to the Russian species, as insepar- 
able from the specimens included in jBJiyllotheca australis. In 
one of Schinalhausen’s figimesi some slender branches are seen 
attached to the node of a fairly large stem with prominent ribs and 
gn'ooves on the internodal surface. The piece of stem shown in 
flg. 6 XIX), rather more than twice the natural size, has 
legular libs and grooves above the node ; and on the gi'ooves ai’e 
fine longitudinal striations which probably indicate wood-elements. 


* Sohmalhausen (79) pi. x, fig*. 1. (The flora, described by Schmalhausen 
« Jurassic, was shown by R. Zeiller to be probably of Permian age.) 
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Oil the node circular hraiich-scars are clearly seen. A little below 
the node part of a leaf-sheath is preserved : "broad flat surfaces lie 
above the grooves on the lower level of the cast, and the smooth 
flat surfaces are separated by narrow grooves in each of which is a 
narrow ridge. The broken edge of the leaf-sheath is seen at S, 
fig. (3. The combination in this specimen of features shared by 
both forms of stem figured by Nathorst and by Halle lends support 
to our view that all the examples described by the Swedish authors 
are specifically identical, a view supported also b^^ the branched 
specimen described by Schmalhausen. It is, however, hardly 
possible to say whether or not the Russian type is sej^arable by any 
clearly defined vegetative characters fi’om JPJii/llotJieca australis. 

Rig. 3 (PI. XIX) represents part of an incomplete stem 20*5 cm. 
long, with internodes from 3*5 to 5 cm. long, and having a maxi- 
mum diameter of 2*2 cm. The ribbing of the internodes is rather 
irregular, and at the nodes are branch-scars. This specimen 
resembles closely the larger sj^ecimens figured by Nathorst and 
Halle, and we see no reason for separating it from the smaller 
branches with leaf-sheaths. Part of a similar stem is shown some- 
what diagrammatically in text-hg. 2. It is 3*5 cm. broad, and 

Fig. 2. — JL cast of part of a rhizome of an JSqtiisetaceotis plant 
(cf. Phjdlotheca australis 3rongniart) showing roots at the 
nodes. Half of the natural size. 



the internodes are nearly 4 cm. long. There are indications of 
bi*anch-scars on the middle node. The interesting feature of this 
specimen is the occurrence at two of the nodes (at a and J) of 
slender, branched apjiendages which we believe to be roots. Pi’O- 
hably the specimen is part of an underground rhizome which bore 
aerial shoots agreeing with those of JBhgllotheca attstralis. 

The small portion of a medullary cast reproduced in fig. 16 
(PI. XXI) shows very clearly a nodal constriction, the charac- 
teristic correspondence" of the* i-idges and grooves on the two sides 
of the nodes, and the impression on the internodal ridges of long 
and naiTOw wood- elements. 

(B) Equisetaceous stems. Cf. JSTeocala mites Qarrerei 
(Zeiller). (PI. XX, figs. 8, 10, 12.) — Some of the recently- obtained 
steins differ in their larger dimensions, and pai*ticularly in the 
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Fig. 3- — P are n c /^ y mat o us 
cells seen hi outline on 
the surface of the specimen 
shown in Jig. 12 (PI. X^). 
X 45. Of. Neocalamites 
Cari'erei (Zeiller). 
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narrower and more crowded ribs, from those previously recorded. 
A good example is shown in fig. 8 (PI. XX). The node is marked 
by a slight transverse depression, a, on which there are faint indi- 
cations of leaf-trace scars : a short distance from the node there is 
a much more irregular depression, b. The specimen reproduced in 
fig. 12 has the same type of internodai ribbing ; but on one side 
of the node, and at 3*ather a higher level on the rock, the surface 
is smooth, and under the microscope reveals the outlines of paren- 
chymatous cells (text -fig. 3) 
which doubtless represent the 
epidermis. There are no traces 
of stomata. The epidermal fea- 
tm-es agree with those described 
by^ Halle in a specimen of the 
Triassie species hoer- 

ensis (Schimper) from Sweden.^ 
Cells of similar size and shape 
are more clearly shown on a frag- 
ment, which we regard as a i^iece 
of the surface of the same type 
of stem as that shown in fig. 12 
(Pi. XX) j and their arrangement 
in regular longitudinal rows is a 
sticking feature. A larger spe- 
cimen of a stem identical in the 
nbbing with that shown in fig. 8 (PI. XX) has an internodo 9 cm. 
long, and is 4 cm. in diameter. The juxtaposition of two surfaces, 
an outer, smooth surface and a lower, ribbed cast, seen on the 
si^Il pi9ce of stem shown in fig. 12 (PI. XX), suggested the 
reterenoe to ^ our second type of Equisetaoeous stem of ceidiiin 
specimens With a smooth outer surface, a feature characteristic 
ot NeocaJcMHites as described by other authors. The specimen 
re^oduoed in fig. W (PL XX) shows only the outer, smooth 
surface : the intemode above the node, a pari of which is seen in 

® 3-5 cm. in diameter, 

bmall leaf-trace scars occur at a on the nodal line, and at h there 

Z corresponding to that seen at h 

in ng- 8- is a very close resemblance between the stems 

s own in hgs. 8, 10, & 12 and the Rhietio species from Tongicing 
described by E. Zeilter as ScTiizoneitra Oarrerei? but subsenimntl v 

lansferred by Dr. Halle to his new genus on tlm 

ground that the long linear leaves are home separately and not 

” w ^ ®P®®'»iens from the^ Molteiio 

Beds (Epper XaiToo),4 probably Upper Triassie in age, of South 
Afnca, have been refen-ed to NeooalLxite, Oarrere!, and Km^ser ^ 

^ HaZle (08) pi. i, %. 4 . 

^ Seward (03) p. 48 & pi. ix, %. 5 -• ^ sjk 
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has recorded similar specimens as JEquisetaeeous stems from strata 
in China considered by him to be of Ithsetic age. A t^q^e of Equi- 
setaceous stem having a smooth bark practically identical with 
that shown in our lig. 10 (PI. XX) is figured b^^ Zalessk^^ ^ from 
Permian rocks of the Petchora district. 

Glossoptebis. Glossopferis indica Schimper. 

Olossopteris leaves are among the most abundant and widely- 
distributed of all fossil plants, but our knowledge of the mor- 
phology and affinities of the genus is very incomplete. It is 
probably not a true fern. In several localities, though not as yet 
in the Palkland Islands, Glossopte7'is leaves have been found in 
association with seeds, and this is almost certainly not merely 
accidental. In a paper communicated to this Society Er. A. B, 
WalkomS made out a good case for connecting Glos&opteris leaves 
with certain seeds which he named Nummiilosperiniim^ although 
proof of actual union is lacking. For several years palieobotanists 
have favoured the inclusion of the genus in the extinct group, 
the Pteridosperma?, which played a prominent part in Palseozoic 
vegetation, especially in the Northern Hemisphere. 

A thoroughly satisfactory determination and specific separation 
of the numerous and, nearly always, incomplete leaves obtained 
from the diiferent Permo-Carboniferous localities in the Falkland 
Islands is, we feel, a hopeless task. Most of the Falkland si^eci- 
mens, as Halle also found, belong to Glo&sopteris inddca Schimper. 
A fairly large number agree more closely with the nearly allied 
type G, JBrowniana Brongniart. These two species cannot always 
he distinguished with confidence, and, until we know more about 
the range of variation on the same plant in the form and size of 
the leaves, in the pattern formed by the anastomosing latei*al veins, 
and in the degree of differentiation of the median vascular strands 
into a well-defined midrib, our determinations must be, to some 
extent at least, provisional. 

A full account of Glossopferis indica and G. Srowniana is 
given by Dr. Halle, who records also 6r. angustifolia Brongniart 
and G. damudica Feistmantel. 

Fig. 9 (PL XX) shows a typical leaf of Glossopferis indica, 
9*5 cm. long, with a maximum breadth of 2T cm. The midrib is 
well markedj and the lamina tai^ers gradually towaixls the proximal 
end : the apex is not preserved. The meshes formed by the approxi- 
mately pamllel lateral veins are long and narrow, characters clearly 
represented in Zeiller’s drawings of the type -specimen,^ In the 
piece of leaf reproduced in fig. 5 (PL XIX) the midrib is an obvious 
feature, and the specimen shows an obtuse apex. An imj^erfect 
impression in Dr. Baker’s collection illustrates the individuality of 


* Zalessky (13) pL iii, fig. 2. 
3 Walkom (21). 

3 ZeiUer (96). 
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the midrib where it is eontintied below the torn lamina : the vena- 
tion is of the Grlosso])teris-in(IiGa type. The venation is clearly 
seen in fig. 18 (PI. XXI) on a piece of lamina 3 cm. broad : the 
meshes near the midrib are considerabl^" larger than those farther 
from the middle of the leaf, and are less rectangular in form. 
This marked difference in the meshes is not a constant character, 
but is well illustrated by leaves of the same si>ecies from South 
Africa and India. 

The leaf shown in fig. 7 (PI. XIX) is xn-ohably a young leaf of 
G. hulica. The collection includes several narrow Glosisoiyferls- 
leaves identical in form with G. angustifoJia Brongniart, as 
figured by Halle from the Palldand Islands,^ and by other aiithors 
from different localities ; but, in viexv of the occurrence of s})e- 
cimens illustrating a complete ti*ansition between spatulate and 
more linear examples, we have not adopted Brongniart’s sp)ecifie 
name. Moreover, in none of the narrower leaves that we have 
examined are there any distinctive venation characters other than 
such as one would expect in a restricted lamina. ISTone of our 
leaves shows a type of venation identical with that figured by 
Dr. Halle as characteristic of G, angustifolia. A few specimens 
collected by Dr. Baker approach G, damudica in the course of 
the lateral veins, but we have jiot seen any that could be clearly 
distinguished in this respect as sx)ecifically diiferent from G, 
indioa, 

Glossojpteris indica Schimper, cf. var. Wilsoni Seward. 

The enlarged piece of lamina reproduced in fig. 13 (PI. XXI) 
differs from most of the specimens in the very small number of 
lateral anastoxnoses between the lateral veins, a feature shared 
by some of the leaves of G. indica from Antarctica named 
G, indica var. JVilsoui ^ and by specimens described by Zeiller*^ 
from the Dower Gondwana rocks of India. This variatioix from 
the normal has probably no significance in relation to geological 
age, and, in any case, the horizon of the plant-beds discovered by 
Dr. Wilson 300 miles from the South Pole has not been definitely 
fixed. 

Glossog>te7'is mdica Schimper, cf. G. decipiens Feistmantel. 
(Pig. 15, PL XXI.) 

The leaf reproduced in fig. 15 (PI. XXI) differs from the great 
majority of specimens included in G. indica in having a lass 
clearly marked midrib,^ except in the lower part of the lamina. 
In the distal portion of the leaf the highly inclined, arched veins 
converge towards the middle of the lamina, where they follow a 
vertical course; lower in the lamina the midrib becomes more 
distinct, and is studded with tubercles, a feature frequently seen 

^ Halle ^1) pi, Tiii, fig. 2. 

f Seward (14) pL iii, figs. 11-14. 

•* Zeiller (02) pi. iii, figs, S 
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on Glossopteris fronds.^ A piece of the midrib is seen in fig. 17 
(PI. XXI) on a slightly larger scale. It may be that this and 
similar forms are specifieallj' distinct from G, indica as represented 
by leaves with a more prominent and persistent midrib, and with 
lateral veins less graduall^^ inclined towards the middle line of the 
leaf : the diferences are at least sufficientlj^ obvious to place on 
record. A comparison of the leaf reproduced in fig. 15 (PI. XXI) 
with those figured by Dr. Halle from the Falkland Islands and 
such types as those shown in our figs. 9 <fe IS, raises the constantly 
recurring question — a question -which cannot be answered with 
confidence in the present state of our ignorance — how much varia- 
tion in venation characters legitimately be conceded within 

the limits of a species ? In the two forms of leaf under considera- 
tion we have, on the one hand, diifferences in the degree of per- 
sistence of the midrib and in the inclination of the secondary veins, 
and on the other the possession bj^ both forms of the typical 
G.-indica pattern made by the anastomosing venation. A fairly 
considerable range in venation characters is generally admitted, 
and has been demonstrated in specimens which could not reasonablj' 
be assigned to more than one species. The leaf shown in fig. 15 
(PL XXI) can hardly be referred to Gangainoptens : a midrib is 
clearly present. It may, however, be described as intermediate 
in venation between (riossopteris and Gangamopteris. A leaf 
described some years ago from Vereeniging as Gangamopteris 
cgclopferoides^ bears a close resemblance to the slightly smaller 
leaf shown in fig. 15 : its inclusion in Gangamopteris vras not 
strictly in accord with the usual definition of the genus. Leaves 
figured by Feistmantel from the Karharbari Beds in India as 
Glossopteris decipiens ^ are hardly distinguishable from the 
specimen represented in our fig. 15. As Arber^ pointed out, 
FeistmanteLs species may be regarded as a type transitional 
between Glossopteris and Gangamopteris. Some leaves from the 
Haniganj Series (Damuda) of India referred by Feistmantel to 
Sagenopiteris,^ which should unquestionably be included in Glos- 
sopteris, afford additional examples of the same type. A com- 
parison may also be made with an imperfect specimen from the 
Newcastle Beds of New South Wales, named by Feistmantel® 
Glossopteris gangamopteroides. Impressions from Tongking 
figured by Zeiiler^ present an even more striking similarity to the 
leaf shown in fig. 15. An example from Angaraland, probably 
Permian, named by Zalessky Gangamopteris (?) angarica,^ cannot 
be distinguished from our specimen, and might well have been 
identified with Glossopteris decipiens Feistmantel. 

^ Zeiller (02) pi. ii, fig*. 4 ; von Brehmer (14) p. 407. 

2 Seward & Leslie (08) pi. x, fig. 3. 

3 Feistmantel (79) pi. xviii, figs. 3-5 & pi. xxiv, fig. 6. 

4 Arber (05) p. 90. 

® Feistmantel (81) pi. xlii A, figs, la & 3. 

® Feistmantel (90) pi. xx, fig. 4.- 

7‘ Zeiller (02) pi. xvi, figs. 2-5. 

Zalessky (12) pi. vii, fig. 2. 
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The late Prof. P. Zeiller, who spoke with exceptional authority 
on the taxonomy of fossil plants, included his Tongking specimens 
in G.indica.^xi^ it is noteworthy that his definition ^ of the species 
fits the characters exhibited by such a leaf as that reproduced in 
our fig. 15. OloBsopteris decipiens Peistmantel and the leaf 
from Vereeniging, originally described as Gangcimoptens eyeJo- 
pt(^-Toid‘f*Sy are from liower Oondwana rocks, and are associated 
with the oldest members of the Permo-Carboniferous floni ; 
Gemgamopferis (/) angarica Zalessky is from beds believed to be 
of Permian age, and 'the Tongking specimens included l>y Zeiller 
in Glossopferis indica are from the highest ^/oss«;^;>Z^(?rzV-bearing 
stmta, probably Khaetic in age. In view of these facts, it is 
obvious that the type of leaf that we have called G. indiva, 
cf. G. decipiens, cannot be regarded as a decisive criterion of 
geological age. It is tempting to interpret the variation froin the 
more typical G.-indica type in the direction of Ganganwpl( vis as 
evidence of greater antiquity, on the ground that leav^es witli a 
more complete midrib were probably later developments than forms 
without a clearly marked distinction between midrib and lateral 
veins. On the other hand, if the beds from which the aberrant 
specimens were obtained were bomotaxial with the plant-beds of 
Tongking, one 'would expect to find in association with them other 
members of an Upper Triassic or Hhjotic flora. Tho balaneij of 
evidence is, perhaps, in favour of assigning the type of leaf fnnn 
North Arm (PL XXI, fig. 15) to a position below that of tho beds 
containing the more tj^^pical examj)les of G. indica. 

In the centi’e of an incomplete leaf reproduced in fig. 14 
(PI. XXI), identical in venation with that shown in lig. 15, there is 
a shallow linear dejiression 3 cm. long, separated by a constriction 
from an approximately circular and dee]oer deiwession lugber on 
the lamina. This feature may he due to the pressure of a young 
and partly expanded leaf against the base of the larger frond, the 
deeper circular depression being the impress of the infolded apex of 
the immature leaf. 

Some specimens collected by Dr. Baker from George Island and 
the Bay of Harbours are clearly identical with the single impr(*s- 
sion figured by Dr. Halle, from a locality south of Dos ' Lomas, as 
Gangaonopteris cy cl ojpter aides var. major Peistmantel^; hut, in a 
few of the recently discovered examples, both the basal and the 
median portions of the leaf are preserved. At the 'base of the 
leaves the lamina is narrow, and there is no separation into lateral 
veins and midrib ; but higher in the leaf a midrib is clearly 
shown, and the lateral veins form anastomoses of the Glossopferis- 
Browniana type : that is, the meshes are less uniform in size, and 
their upper and lower boundaries are not so straight as in G. indica. 
We are of opinion that if more of the specimen figured by 

^ Zeiller (03) p. 85. 

- Halle (11) pi. viii, figs. 8 0 
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Dr. Halle had been preserved, it would have revealed a well- 
defined midrib. 

G-lossopiet'is JBroxvniana Brongniart. 

^ Leaves showing the characters of this s^Decies have been recog- 
nized from several localities, and, as already stated, some of them 
in the basal part of the lamina agree very closely Tvith the incom- 
plete specimen identified by Halle as Q angamopteris. None of 
the recently acquired material shows any features not already 
noticed by him in the description of the Falkland specimens. 

Dacloxylon BaJceri, sp. nov. (PL XXTI, figs. 19-22 ; text-figs. 
4 & 5, p. :327.) 

Several specimens of silicified wood were collected by Dr. Baker 
at Walker Creek and Fanny Cove, on the southern side of Choiseul 
Sound, East Falkland. They all exhibit the same characters of 
the secondary wood, and cannot be speeificall}^ separated. The 
largest piece, assuming that the pith was centric, must have 
belonged to a stem at least 25 cm. in diameter. Another speci- 
men, 8 cm. by 5-5 cm. in cross-section, show’s portions of the 
medullary and perimedullary regions. The preservation of the 
smaller specimen is poor, but one can distinguish in the pith and 
primary medullary rays large pai'enehymatous cells, some of w’hicb 
undoubtedly had a secretory function, and resemble those described 
by the late Miss Holden in Badoxylon indicum Holden from the 
Barakar Beds of India.^ There are no indications of seei?etoiT 
reservoirs or canals like those described b^’ Halle in Badoxylon 
lafoniense Halle, ^ a petrified bmnch from Darwin Harbour, Bast 
Falkland. Our specimen resembles the Indian stem in having a 
zone of tissue lining the inner side of the primary bundles, which 
differs from the pith and the wood in the shape and size of its 
constituent elements. In the Indian stem this zone consists of 
‘ transfusion-tracheids ’. It is impossible to say whether the Falk- 
land stem agrees in this respect with B. indicum* hut, in the 
appearance of the transverse sections, the tw^o forms are strikingly 
alike. In transverse section the primary bundles at the periphery 
of the pith form rather more acute wedges than in B. Jafoniense^ 
B. iiidicmn, and another species B. Tekihafoheffi (Zalessky)® 
from the Permian of Kuznetsk, which resembles our tj’-pe in some 
other resxoects. Warren^ has described a stem from the Coal 
Measures of Natal (Hpper Ecca) in w^hich irregularly reticulate 
elements occur internal to the protoxylem. He also figures ® 
tracheids with pitting very similar to that observed in BadoccyJon 
JBaTceri, 

The secondary wood is more clearly preserved in some of ^ the 
other fragments. In transverse section (fig. 22, PI. XXII) it is 

* Warren (12) p- 352. 

^ Warren (12) text-fig. IB, p. 3S3, 


1 Holden (17). 

3 HaUe (11) pi. ix. 
3 Zalessky (11). 



seen to "be compact, ^ witli distinct growth-zones varying from 
0*5 mm. to 9 mm. in breadth, and resembles D. hffoniense very 
closely. The cross-sectional areas of the lumina of the spring- 
tracheids may be as mnch as ten times that of the last formed 
summer-elements which they succeed. This indicates well-marked 
seasonal phases. The tracheids are jDitted on the radial walls only. 
The pits are bordered, and have a centric and generally circular 
pore. The spring tracheid-pits may be quadriseriate, but the 
biseriate arrangement is more usual (fig. 21, PL XXII). The pits 
are as frequently opi^osite as alternate. On the spring tracheids 
the pits are often in stellate groups (fig. 19, PI. XXll), a feature 
reminiscent of Calliwylon as illustrated by the species C. Given i 
Elkins <fc Wieland.^ In this Upper Devonian type from Indiana 
the pits occur in large groups, the pits in each group being 
frequently opposite ; that is, on the same horizontal line on the 
face of the tracheids. In the Falklaiid stem the pits on the 
tracheids succeeding the larger spring-elements are often uni- 
seriate and distant as in D. JE^edroi Zeiller,’*^ and in s 2 :)ecies of llfiexo- 
xylon.^ The pits on the wider tracheids are frequently ]^olygonal 
when in contact, and the pore is occasional!}^ elli}>tical and obli<jue. 
Trabeculae ® have been observed passing radially tlirough several 
tracheids. 

The medullary rays (fig. 20, PI. XXII) are typically uniseriatc, 
although biseriate rays are not uncommon. Tlie rays vary from 
2 to 16 cells in depth : the cells are thin -walled, and span 2 to 4 
tracheids. Owing to the thinness of the walls the ray-pits are 
rarely preserved, and in radial sections one sees only the pits on 
the underlying tracheids. (fig. 19, Pi. XXII; te^ct-fig. 1). In one 
place, in the region of the summer-w^oocl, pits on the ray-cells can 
be seen (text-fig. 5); they cover about half the areas of one of 
the bordered pits on the tracheid below the ray, and are simple 
and elliptical with the long axis radial. On some medullary 
ray-cells lai^erpits are shown, wdiicli are probably of the nature of 
* eiporen 

The features seen in radial section agree with those of a ])icee of 
secondary wood from Lafonia, referred provisionally by Halle to 
Badoesylon anyustum Felix. The outstanding difference is the 
extraordinary narrowness tangentially of the medullary ray-cells 
(12— 15/t) in D- anyitsfuon. It may, however, be added tliat con- 
siderable variation occurs in individual sections of some of our 
specimens from Walker Creek and Fanny Cove: the breadth of 
the ray-cells, as seen in tangential section, varies from a minimum 


^ Halle (11) c/. pi. ix, fig. 7. 

® Klkina & Wieland (14). 

® Zeiller (95) p. 623, 

African genus miexornjloii Bancroft (13) 
from tlie Middle Karroo formation recently examined by one of us f J W 1 

anatomical features! a full account of the gemii 
^ be pubbshed m the near future. [PhU. Trans. Eoy. Soo. vol, ocxH (1923) 

® Seirard (19) p. 185 ; fig. 6931 (p. 137). 
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Fig*. 4. — JRadial longitu- 
dinal section of a me- 
dullar g rag of Dado- 
xylon Bakeri, sp. nov, 
X 210, 



[Tke large pits in the field are 
probably simple pits on the 
'wall of the underlying tra- 
cheids (see fig. 5).] 

Fig. 5 . — Hadial section of 
Dadoxylon Bakeri, show- 
ing the fitting of the 
medullao'g - rag cells 
above the s u m m e?'- toood, 
X 210. 



, i 1 • 

Q. J. a. S. 315. 


of 12 ^ to a maximum of 29 ft ; the 
ti*acheids flanking the rays have a 
breadth of 25 p and 33 p respectively. 

There is a well-marked group "of 
Dadoxgla characteristic of the Glosso- 
l^teris flox’a in which there are clearly- 
defined features differentiating them 
from the typical Cordaitese. In the 
wood of this southern ty 2 :)e there is 
no trace of a discoid pith ; there is a 
tendenc^^ to a uniseriate and often 
distant arrangement of the tracheidal 
pits ; large simple pits are found in 
the ‘ field ’ ; well defined growth-zones 
often occur, and in some stems 
secretory cells or canals are present in 
the pith. In view of the uncertainty 
of the geological horizon of some 
of the southern specimens a tabular 
reju’esentation (2>. 328) of the anatom- 
ical characters loses some of its signifi- 
cance ; but it shows the. occurrence of 
certain features common to a grou^x 
of woods, included in the compre- 
hensive and often impeifeetly-defined 
genus Dadoxglon, found in associa- 
tion with Olossopteris. 

The presence of well - marked 
growth-zones in these southern stems 
has been correlated wfith climatic 
conditions associated with the glaci- 
ation demonstmted by the widespread 
and thick beds of tillite in Gond- 
w^analand. It is interesting to note 
that Zalessky records the occurrence 
of w^ood similar in type to those 
enumerated associated with members 
of the Olossopteris flora in the 
Petehora district, although there no 
glacial deposits are known. 

Dadoxglon Daheri^ sp. nov.^ 

Pounded on pieces of large stems. 
Pith pai’enchymatous, with a narrow 

^ While recognizing the possibility that 
the woofi named after Br. Baker may be 
identical specifically with Dadoxylon lafoni- 
ense Halle, additional characters shown by 
our material render sud'srisable a distinctive 
designation. 




sheath of specialized tissue internal to the primary bundles of 
wood which project into the medullary region. Growth-rings 
very distinct. Medullary ra3'’s typicall}^ uniseriate, 1 to 16 cells 
in depth. Tracheids with uniseriate to triseriate bordered pits 
on the radial walls, sometimes in stellate groups, generally in 
contact, but frequently distant ; when more than one row of pits 
occur, the pits of adjacent rows ma^’” be alternate or opposite. 
Pits in the field simple, vaiying from one large, slightly elliptical 
pit to several smaller pits ; the long axis of the ellipse is horizontal 
in the lattei’, which are pits on the wall of the ray-cell. 

Locality. — Falkland Islands, Choiseul Sound. Associated 
with Glossopteris, 


Wame. 

ECorizon. 

Bings. 

Tracheid 

pits. 

Pita 
in the 
Field. 1 

Pith. 

Callixylon 3 spp. (North 
Amei’ica.) 

Devonian. 

Slight. 

1-4 rows. 

Small, 

numerous. 

... 

JDadoicylon indicum Hol- 
den. (India.) 

Pei*mo-Carb- 

(Damuda.) 

Well- 

marked. 

1-2 

Large, few. 

Secretory 

cells. 

JDadoxvlonJBaTcerij sp. nov. 
(Falkland Is.) 

Permo-Carb. 

Well- 

marked. 

1-4 

Large, few. 

Secretory 

cells. 

lyadoxylon TchihatcJieffi, 
Goep'pert. (Kurope.) 

Perino-Carl). 

Well- 

marked. 

1-3 


Secretory 

cells. 

JDadoxylon lafoniense 
Halle. (Falkland Is.) 

Permo-Cai’b. 

Well- 
marked ? 

1-2 


Secretory 

cells. 

Dadoxylan nummularium- 
White. (South America.) 

Pertno-Carb. 

Indistinct. 

1, distant. 

... 


Dadox^lon meridionale ^ 
White. (Sout h America. ) 

Permo-Carb. 

Absent. 

1, distant. 

i 

1 


Dadoxylon Arheri (=JD. 
australe Arber) * ( A us- 
tralia.) 

(Palseozoic.) 

Well- 

marked. 

1, multi- 
seriate. 

Numerous. 

1 


Dadoxylon sp.® (South 
Africa.) 

Ecca. 

Well- 

mai’ked. 

1-2 

Large, few. 


Dadoxylon sp.6 Waiven. 
(South Africa.) 

? Upper Ecca. 


1-3, often 
distant. 

Small. 

i 


Wiexoxylon sp. (Africa.) 

Stormberg. 

Well- 

marked. 

1-2 

1 Large, few. 

Secretor\- 

cells. 


Conclusion. 

1. Devonian plants. — The fragmentary remains described 
by Dr. Halle and the specimens collected by Dr. Baker from 
Halfway Cove and Port Purvis respectively, though not sufficiently 

^ Authors do not usually state whether the pits are on the tracheid or on 
the medullary ray-cell. 

White, L. (08) pi. xiii. 

® White, D. (08) pi. xiv. 

Arher (05) p. 191. Beasons for substituting’ the specific name ArbeH 
ior australe are given in A. 0. Seward’s ‘ Fossil Plants ’ vol. iv (1919) p. 178. 

5 Arber (10). 

•fi Warren (12) text-fig. 1 B, p. 353. 




well preserved to be assigned on adequate grounds to previously- 
recorded species, indicate a Devonian age, and, compared with 
European standards, probably a Middle rather than an Upper 
Devonian horizon. 


Sewabd & Waltox. Halle. 

liepidodendroid stems. Port Purvis. Lepidodendroid fragments. Halfway 

Cove. 

‘ Indeterminable stem-fragments.’ Half- 
way Cove. These we compare with 
JECornea Lignieri Kidston & Lang, 

‘ Unknown plant-fragments.’ Compared 
bj’’ us with branched axes from the 
Ijower Old Red Sandstone of Caith- 
ness, figured Salter as rootlets. 


II. Permo-Carboniferous plants. — The following list 
includes all the plants so far discovered. We have appended to 
some of Halle’s determinations a few critical remarks : — 


Equisetaceous stems. — I. Cf. JPhgllo- 
theca australis Brongniart and P. tfe- 
liqtieseens (Gceppert). Speedwell Is- 
land ; George Island j North Arm 
(Bay of Hai*bours) j Dos Lomas. 

Equisetaceous stems. — II. Cf. JSTeocala- 
mites Carrerei (Zeiller). Cygnet Har- 
bour/ Egg Harbour. 

^lossopteris indica Scliimper. Speed- 
well Island; George Island; North 
Arm (Bay of Hai’bours) ; Do.s Lomas ; 
Goose Green. Glossopteris indica 
Schimper cf. var, Wilsoni Seward. 
Glossopteris indica Schimper, cf. G, 
dedpiem. North Arm (Bay of Har- 
bours). 

Glossopteris 'Browniana Brongniart. 
George Island ; North Ann ; Goose 
-Green. 


BadoA'ulon JBaTceri^ sp. nov. Walker 
Creek and Fanny Cove. 


Bhyllotheca australis and cf. P. deli- 
quescens. We are unable to distin- 
guish some of the specimens from the 
Southeim Hemisphere described as P. 
australis from P. deliquescens. 

Not recorded by Halle. 


Glossopteris indica and G, angustifolia» 
We see no sufficient reason for separ- 
ating specifically the leaves so named. 


Glossopteris Browniana and Gangamo- 
pteris cgclopteroides var. major, 

Glossopteris damttdica Feistmantel. 

Coniferous twigs; cf, Voltzia lietero- 
pliylla Brongniart. 

BesmiopJiyllum sp. 

JDadoxylon tafoniense, 

Badoxylon cf. B, angustum Felix. The 
woods so named are both closely 
allied to JO. BaJceri. 


The Permo-Carboniferous plants do not afford any clear indi- 
oation of a sequence in time of the rocks at the seveiral localities 
where specimens have been obtained. The Equisetaceous stems 
compared with Weocalamites Garrerei are fi'om Cygnet Hax’bour 
and Egg Harbour and, if our comparison is based on a real 
affinity, this suggests that the beds at these places may be homo- 
taxial with Triassic strata. The other Equisetaceous stems and 
the two species of Glossojpteris (O, indica and G. JBrowniana) have 
not onlv a wide geographical range, but occur in more than one 

2 a2 



series of tlie Gondwana System. Excluding the possible repre* 
sentatives of Meocalamites^ the flora as a whole is indicative of a 
position in the Lower Gondwana System, but not in the lowest 
part thereof. This opinion is based partly upon the absence of 
undoubted Gangamo^teris leaves, and in part on the resemblance 
of the Falkland plants to those recorded from India, South Africa, 
and other parts of Gondwanaland. While recognizing that leaves 
of Gloss 02 ^teris, apparently indistinguishable from some of the 
Falkland specimens, occur in the Khsetic flora of Tongking, we 
are inclined to regard the Falkland flora as hoinotaxial with the 
Damuda and Beaufort floras of Gondwanaland and with the 
Permian of Angaraland, 

We are influenced in our estimate of the age of the plants by 
certain recently discovered facts, to some of which attention has. 
been drawn by Dr. A. L. Du Toit. This author considers, and (we 
believe) rightly, that the recent tendency has been to assign the 
Lower Gondwana strata of the Southern Hemisphere to a Carboni- 
ferous rather than, as formerly, t© a Permian horizon. If, as. 
seems likely, the tillites of South Africa, South America, India,, 
and Australia, are in the main of Dpper Carboniferous age, the 
recent discovery by Mr. T. N. Leslie ^ at Yereeniging, of Gang a- 
mopteris leaves close to the old land-suiface below tbe Dwyka 
Conglomerate, brings tbe oldest members of the GJossopteris flora 
within the Carboniferous Period. We have I’eproduced in fig. 23 
(PI. XXII) a well-preserved impression of a small Qangawo- 
pieris leaf which Mr. Leslie generously sent to one of us [A. C. S.],. 
with other specimens discovered by him near the base of the* 
Dwyka tillite. It shows very clearly the typical Gangamo- 
pieris venation : the groove near the middle of the lamina, as. 
tbe veins demonstrate, does not indicate tbe presence of a midrib„ 
but is purely accidental. 

Siinilaidy, tbe identification by Mr. H. Woods ^ of a crustacean* 
from tbe Kimberley Shales as a species of Pygocepliahis^ a genus; 
characteristic of the Coal Measures of Britain and North America,, 
points to the same conclusion. It may be jpossible, by a critical 
review of the’ available data, to clarify our views on the age- 
relationships of the floras of the two botanical provinces : the- 
southern province with its northward extension into Europe and 
Siberia, and the northern province occupied by tbe Permo-Car- 
boniferous plants of Western Europe and North America. The- 
analysis and correlation of these floras are I’eserved for separate' 
treatment elsewhere. Dr. T. G. Halle draws attention to the- 
uniformity in general character of the Permo-Carboniferous flora 
of tbe Falkland Islands, a feature borne out by tbe additional 
material obtained by Dr. Baker. Halle’s conclusion, that the* 
discovery at Dos Lomas of the leaf assigned by him to Ganga- 
mopieris is evidence of a geological horizon low^er than that of 
the beds at other localities where similar leaves were not discovered,. 


Leslie (21). 


2 Woods (22), 



is (in our opinion) based on the misleading appearance of the incom- 
plete specimen which he described. We believe that his fragment 
is^ part of a leaf of Q-lossopteris IBrownianct. We are, however, 
disposed to think that the type of leaf from the North Arm beds, 
which we have called G-, indica cf. G, decipiens, may indicate a 
geological age rather earlier than that of the beds from which 
the more typical Glossopferis indica leaves were obtained, as, for 
example, Speedwell Island, George Island, Dos Lomas. Data 
supplied hy a comparison of Glossop^teris and Gangamopferis 
leaves from Lower Gondwana rocks, considered in connexion with 
inferences drawn from a comparative study of recent Ferns, some 
genera of which have fronds that bear a striking resemblance to 
those of Glossopteris (a genus which was probably not a true 
fern), warrant the conclusion that the earlier forms of frond 
lacked the clear differentiation of midrib and lateral veins 
which characterizes the later-developed species. 

In a word, we are disposed to assign the beds at Cygnet 
Harbour and Egg Harbour to a slightly’' higher position in the 
Gondwana System than the other plant-bearing strata, on the 
ground of the strong resemblance of the Equisetaceous stems 
found there to Triassic examples of I^eocalamiies, The beds 
containing the more typical forms of Glossopteris indica, also 
G. JBroicniana, and the Equisetaceous stems compared with 
JBJiyllotlieca, we regard as homotaxial with the Damuda and 
Beaufort Series of India and South Africa respectively^, and with 
Permian I’ocks in the Northern Hemisphere, while the beds at 

North Arm may be somewhat older. The wood described as 

Dadoxylon Saheri does not in itself furnish a trustworthy 
criterion of geological age, as stems of the same general iype 

range fi’om Devonian to tipper Triassic horizons; but, in our 

■opinion, it bears the closest resemblance to stems from the Bamkar 
(Damuda) Beds of India and the Ecca Series of South Africa. 
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EXPLANATION OF PLATES XIX-XXII. 

Plate XIX. 

Fig’S. 1 & 2. Lepidodendroid stem-fragments. X natural size. (See 
p. 314.) 

Fig. 3. Eqnisetaceons stem. Qt. Fhyllo theca amtntlis 'Bvongiiiavt. Natural 
size. (Seep. 319.) 

4. Eqnisetaceons stem. OL Fhiflloflieca austral in ’Bi’ongma.Tt. Natural 

size. (See p. 318.) 

5. 6rlo.s‘sopierii} ibidirn Scbimper. Natural size. (Seep. 321.) 

Q. Eqnisetaceons stem. Ci. Fhyllofheca australis IBroiigimivt. Natural 
size. (See p. 318.) 

7. Olossoj>ieris indica. Natural size. (Sec p. 322.) 

Plate XX. 

[All tbe figures are of tlie natural size.] 

Fig. 8. Equisetaoeons stem. Of. Neocalamites Carrerei (Zeiller). (See 

p. 320.) 

9. Glossopteris indica Schimper. (See p. 321.) 

10. Equisetaceous stem. Of. Neocalamites Carrerei (Zeiller). (See 

p. 320.) 

11. Glossopiteris Broicniana Brongniart. (See p. 325.) 

12. Equisetaceous stem. Cf. Neocalamites Carrerei (Zeiller). (See 

p. 320.) 


Plate XXL 

[All the figures, except fig. 17, are of the natural size.] 

Fig. 13. Glossopteris indica Schimper, cf. G. indica yar. TFiZsojji Seward. 
(See p. 322.) 

14. Glossopteris indica Schimper cf. G, decipiens. (See p. 324.) 

15. Glossopteris indica Schimper cf. G. decipiens Feistmantel. (See 

p. 322.) 

16. Equisetaceous stem. Cf. Phyllotheca australis Brongniart. (See 

p. 319.) 

17. Enlarged portion of fig. 15. (See p. 323.) 

18. Glossopteris indica Schimper. (See p, 322.) 

Plate XXII. 

Figs. 19-22. Dadoxylon Balceri, sp. nor. Fig. 19, radial section, showing the 
pitting on the tracheids and in the field. X 210 ; fig. 20, tan- 
gential section. X 50 ; fig. 21, radial section. X 50 ; fig. 22. trans- 
verse section showing a growth-ring. X 50. (See p. 326.) 

Fig. 23. Gangamopteris cyclopieroides Feistmantel. From the base of the 
Dwyka tillite, Vereeniging. Natural size. (See p. 330.) 
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14, PuRTHEB Keseabciies OH tlw SUCCESSION mid Metamob- 
PHiSM in the Mona Compuek q/* Anglesey. Edward 

Greenly, P.G.S. (Bead Marcli 28tli, 1923.) 


I. The A^e of the Mona Complex 334 

II. The Gwna Beds 335 

III. The Fydlyn Beds 33G 

IV. The Ponmynydd Zone of Metamorphism 340 

V. The Age of the Gneisses 341 

VI. The Origin of the Basic Gneisses 343 

VII. Chronology of the Gneisses 349 

VIII. Eiecapitnlation 350 


Since any return to North Wales, the proximity of Anglesey has 
made it possible (in intervals of my survey of the country about 
Bangor and Carnarvon) to seek further light on the unsolved 
problems of the Mona Comjdex ; and some of the results are 
embodied in the present papei’.^ 

I. The Age op the Mona Complex. 

Pebbles derived from the Mona Complex had already been 
found in Cambrian rocks ^ ranging from the Bron-llwyd Grit 
down to the basement conglomerates of Carnarvonshire. Frag- 
ments have now been obtained from much lower horizons. For 
the massive conglomerate of Bangor cannot be later than Cambrian, 
and it is certain that, at any rate, the lower portions of the Bangor 
Yolcanic Series (with which portions alone we are concerned in 
this paper) must be much older than that conglomerate.*^ The 
Volcanic Series being essentially pyroclastic, fragments other than 
those of the contemporaneous volcanic rocks are, rare. The agglo- 
merates, however, have yielded a few fragments of Gwna quartzite 
and jasper. These fragments are not schistose. But in a slide 
[E 1539],^ cut from an agglomerate between the Workhouse and 
Hendre-wen Lane, there is a beautiful oval fragment (fig. 1, p. 335), 
about ^ inch long, of undoubted Penmynydd-Zone mica-schist, 
well-foliated and holocrystalline, with spiiene, zircon, and a pale 

^ The Geological Survey Memoir entitled ‘ The Geology of Anglesey,’ 1919, 
will be referred to in this paper as G. of A.’ 

2 ‘ G. of A.’ pp. 246-52. 

^ I have now mapped most of the Bangor area; but, until the whole of that 
area is surveyed, it would be premature to discuss the question of uncon- 
formity between the conglomerate and the Volcanic Series. It may, how- 
ever, be said that evidence only available lately has revealed unsuspected 
•complications, 

^ The slide-numbers quoted are those of the Geological Survey Collection. 
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epidot-e. It is, therefore, certain that, before the eruption of this 
ancient volcanic series, the Penmjnydd anainorphisiii of the Mona 
^Complex was complete. 

Fig. 1 . — fragment of mien-schist in an agglomerate of the 
JBangor Volcanie Heries. X 10. 



II. The Gwna Beds. 

New Analyses of the Quartzite. 

At the time of the issue of the Geological Survey Memoir, only 
one analysis of a Gwna quartzite was available. Owing to the 
kindness of Mr. W. B. Hartley, of the United Silica Company, I 
am now able to communicate four analyses of the quartzite of 
Graig-wen in Gynfor ; while Mr. F. Bussell, of the General 
Refractories’ Company, has kindly supplied one of that at 
Llangefni : — 


SiO^ 

TiOa 

AI 3 O 3 

FesOs 

CaO 

MgO 

K 2 O 

NaaO 

SO 3 

Loss over 109° 

Totals 

I, 

II. 

III. 

IV. 

V. 

VI. 

95-98 

d-75 

0-63 

0-33 

1*20 

0-84 

0-30 

94.-11 

2-70 

0'20 

0*34 

0-23 

0-92 

0-50 

0*64 

0*50 

94*53 

2"61 

027 

0-36 

0-02 

0-64 

0-58 

0-23 

0-54 

96-80 
0-16 
1*74 
0-40 
0-04 1 

0-03 
0-48 
0*24 

d-36 

97-88 
0*05 
0-92 i 
0-23 
0-12 
! 0*08 
0*26 

. d-38 

93*86 

0 04 
1*75 
0*35 
0*24 
0-07 

j 1*13- 

*17 

0*43 

100-09 

100*14 

i 

99-78 

100-25 

99*92 

100-04 
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MnO, P2O5, COo, and C not found. 

I-IV. Quartzite of Graig-wen in Gynfor, near Portli-vvcn P^ay on tlio nortliern 
coast. [See slides lil 10953— 64, also 10951, 10955.] ‘G. of A.’ pp. 79, 311. Anal. 

Dr. J. W. Mellor. . 

V. Quartzite of Llangefni Old Windmill (Graig-fawr Windmill of tlie 6-inch 
map), an inlier ainoug Carboniferous rocks. [E 9954, 10G96.] ‘ G. of A.’ p. 350. 

Name of analyst not stated. 

YI Average of Analyses I— V. If, also, we include the two silica-percentages 
(96‘40 and 99*60) mentioned in ‘ G. of A.* p. 79, then the average percentage of 
silica is 96*47. 

The apparently capricious alkali-percentages are clue to planes 
which carry films of a white mica. 

III. The Fyhlvtk Beds. 

Mynachdy. — When the Survey Memoir and 1-inch map Avere 
published, Fydlyn Beds had not been recognized with certainty in 
the northern region. In November, 1921, however, while I was 


Fig. 2 . — The Tydlyn Jdeds at JSIynachdy (from the 
6‘incJi maps). 



b = Ordovician. 

MS = Church Bay Tuffs. 
MG=Gwna Beds. 

MF= Fydlyn Beds. 

M= Gneisses. 


C.H.T. = Carmel-Head thrust-plane. 
P.y.E. = Porth-yr-Ebol. 

P.G.= Forth Gron. 

P.P. = Porth-padrig. 


re-examining the perplexing coast-sections between Porth-yr-ebol 
and Porth-padrig, Mynachdy, some of the ^ confused types ’ 
G-. of A.’ p. 295) struck me as so like the Fydlyn rocks that I 
wondered that I’ had not suspected their identity before. The 
result of comparison with Fydlyn and of subsequent re-examination 

-tbrnityb much decomposed, and rather 
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more ferruginized, resemble those of the Fydlyii coast in every 
particular. The massive rhyolitic types Avith rounded quartz, and 
the pyroclastic varieties, are both present. They are highly fel- 
spathic, often V'eathering' just as white,^ and there is the same 
sporadic silicification, while deformation is not excessive.- The 
rlwolitic series first appears on the coast at the bach of the eastern 
cove of Padrig, whence (interrupted in Porth Gron by the Carmel- 
Head thrust-plane) there are excellent sections as far as the western 
walls of that cove. Perhaj^s the finest is on the eastern crags of 
Gron, where one might imagine oneself on Fydlyn south cliff ; the 
same white felspathic varieties with rounded quartz, and weathering 
into cavities, being evidenth^ rhyolites, while pyroclastic types 
come on to the south of them. With microscopic examination all 
doubt vanishes. The more massive t-yjoes are composed of a micro- 
felsitic matrix (mieaeized and silicilied) wherein are I'dienocrysts 
of quartz and felspar. The others — such as the * massive grit ' 
of Porth Gron (‘G. of A.' p. 295) — are dust-rocks (highly 
mieaeized) with numerous irregular angular fragments of quartz,, 
felspar, keratophyre, and rhyolite. Such felspars as yield good 
optical reactions are albite. Finally, they contain the same opaque- 
yellowish-white leucoxene as has now proved to be persistently 
present at Pydlyn.^ 

Most important, however, is the fact that here, as at Fydlyn, 
they adjoin the Gwna Beds, their gradation into which by alter- 
nation with thin grits (now cut up into melange) is even better- 
exposed, and much more accessible. The zone of giTidation, about 
10 feet thick, is perfectly clear at a cave’s mouth between the 
coves of Padrig, on both sides of the western Padrig inlet, along 
the shelf (below bouldei*-clay) which runs along the sea-cliff 
thence to Porth Gron, and on the eastern cmgs of that inlet. 

Wylfa. — The suspicion tliat the rocks by the Bifeboat Station 
might he the Fydlyn Beds (‘ G. of A.’ 308) has been confirmed. 

Although much ferruginized, they are quite white in many places. 
The type containing rounded gmins of quartz, like those of 
rhyolites, can be identified. Other varieties have the characteristic 
mieaeized matrix, crowded with angular pyroelasts of quartz,, 
alkali-felspar (some of which is determinable as positive), kerato- 
phyres, and rhyolites ; they are manifestly rhyolitic tuffs. Leuco- 
xene is also present. Thin bands of gre^^ shaly matter, which 
resemble those of Fydlyn beach, though excessively shattered, 
preserve the bedding for a few inches at a time. 

^ The silioa-percentag-e of a rhyolitic tuff from Fydlyn south cliff [E 12362], 
kindly estimated by Mr. Roberts, liecturer in the IJniversity College of North 
Wales, is 69*38. 

® Fig. 2 (which should be compared with the 1-inch map, and -with 
“ Gr. of A.’ folding-plate xiii) shows the alterations in -the map which this 
discovery has involved. 

3 Even these rhyolitic lavas thus partook of the generaUy hi^h titanium* 
content of the Mona Complex. 
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Bull Bay. — The white schists of the western cliffs of this hay 
(‘(x. of A.’ pp. 312-*15) must also be regarded as Fydlyn Beds. 
They are often as white as at Fydlyn, and weather in the same 
manner, but are more schistose. Under the microscope, we find 
the characteristic microfelsitic matrix, now highlj^ micacized. 
-Some are pyroclastic, but one of them retains (altliough its matrix 
is now a micaceous schist) some of the characters of a porphyritie 
rhyolite, with subquadrate j>henocrysts of quartz and many of 
unquestionable albite in tolerably good j)reservation. (xranules of 
leucoxene are also present.^ 

Stratigraphical considerations. — The identification of 
Fydlyn Beds at Mynachdy, Wylfa, and Bull Bay is of the greatest 
importance. For, as they adjoin the Grwna Beds and jxiss gradually 
into them, the byjiothesis that they are the lowest-known member 
■of the Bedded Succession is confirmed (see also p. 342). Further, 
in view of the magnitude of the Carmel-Head thrust-plane, on 
both sides of which they are now known, it is evident that they 
are no mere local development, but an horizon of widespread 
volcanic activity of rhyolitic type. Moreover, this makes their 
identity with the great mass of the Penmynydd-Zone mica-schist 
more pi*obable than ever. 

Regional tectonics. — Their relationships also confirm the 
view G. of A.’ pp. 177, 215—16) that the succession in the 
IN'orthern Region is inverted. For, if we compare their condition, 
at all three places, with that of the rocks Avhicli occur on the other 
side of the Gwna Beds, it is evident that anamorphism is waning 
as we pass from younger to older members of the succession. 

Local tectonics. (1) Mynachdy. — It will be seen (fig. 2, 
p. 336) that there are two tracts of Gwna Beds above the Carmel- 
Head thrust-plane. One is a narrow fringe along the coast ; the 
other is inland, Church Bay Tuffs (which have lately been separated 
out on the maps) rising to the south of it. The Fydlyn Beds lie 
between these two tracts, and, as the Gwna Beds of the inland 
area are unusually felspathic along their northern margin, it is 
evident that the Fydlyn Beds can only be a few yards away, and 
must be bending round south-eastwards. Now, if, as has been 
urged, the succession be inverted, the Fydlyn Beds must be taken 
in on a major isoclinal infold C Gr. of A,’ p. 217). In and west 
of Forth Gron, the southern limb of this infold is cut out by 
coming on to a bend in the Carmel-Head thrust-plane ; while, east 
and south-east of Porth-padrig, its northern limb is cut out by the 
Padrig slide. But it must have an eastward pitch, for in that 
direction the Mynachdy gneiss appears, and must occupy the core 
of the infold. Where Gwna Beds reappear beyond the gneisses 
east of Mynachdy, however, no Fydlyn Beds have been detected, 
and the northern limb of. the infold must be cut out once more ; 

^ The slides of these Fydlyn rocks are E 12362-66, 12368-71. 
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not, however, by the Padrig slide, but by thrusting at a lower 
angle than the major axis. Tliis phenomenon is seen on a small 
scale, on the same northern limb, along the coast, wliere the 
Pydlyn-Gwna zone of passage is partly cut out several times by 
just such thrusting, which drives the Gwna Beds ovei* it — thus 
restoring, locally, the chronological order of succession. 

(2) Wylfa. — The Fydlyn Beds, readily decomposing, have 
weatliered into a grassy curving hollow, running westwards across 
the neck of the headland. Of the fact that the succession is 
inverted, we have (p. 3dl) independent evidence. Here again, 
therefore, a major isoclinal infold is revealed, its core being 
occupied h}’' Fydlyn Beds. I am now, however, convinced that it 
is ruptured on, at any rate, its southern side. The Fydlyn Beds 
of the core fail to emerge in Porth-wnol, where they come on 
to the Wylfa thrust-plane ('G-. of A.’ pp. 218-19 & dg. 96) at 
a lower angle than the isoclinal axis. Further, as there is a 
considerable angular divergence between the strike of the infold 
and that of the thrust, it would a])pear that they are tectonically 
unconnected, and that the infold is the older structure of the two. 

(3) Bull Bay. — A few paces inland, Gwna Beds are only 
17 yards away across the strike, but they just fail to reach the 
cli:^, with the result that Fydlyn Beds are there brought against 
the Church Bay Tuffs. The dittieulty of postulating a ru 2 :>ture 
too large to be credible at this place can now be removed. ' The 
cliff-section, which is 50 to 60 feet high, is represented in fig. 3. 

Fig. 3. — GHff-seciion at Bull Bay, 


.MS MF 



Let us interpret it also on the hypothesis that throughout the 
region the succession is inverted, and tiiat the Gwna Beds have 
been reduced in thickness by the local waste whereof the pebbles 
in the Skerries Group are evidence. Suppose, then, that a major 
isoclinal infold containing Gwna Beds is pitching eastwards, so as 
to be just bringing in Fydlyn Beds ^ at the meridian of the present 

^ Revision of the 6-inch map favours contact of the two series for a short, 
distance inland. 



:340 


DR. E. GREENLY ON THE SUCCESSION AND [vol. Ixxix, 

.coast-line. Sup^^ose this infold to be cut by ruptures due to the 
tendency to subsidence on pitch, and these again by thrusts 
whereon the narrow core of Fydlyn Beds was driven at an angle 
•of about 30*^, on to the Church Bay Tuft's of the outer part of the 
■southern limb of the infold. There Avould then eventuate the 
relations which are seen in the clift, and we can thus also account 
for the infold contracting, instead of expanding, in the direction 
•of the pitch. 

IV. The Penaiynydd Zone of Metaaiorfkism. 

(1) The passage from the Gwna Melange to the 

Penniynydd Zone. — Another section across this passage has 
lately been discovered on the AberJfraw coast. In the nook of the 
bay north-east of Bryn-llwyd, about 80 to 50 yards east of the 
passage on the buttress already described (‘ Gr. of A.’ foot of i>. 124), 
ihe Gwna melange contains augen of a reddish grit and of a brown 
limestone. Yet, only 4 feet from them across the strike, Pen- 
inynydd-Zone mica-schist appears, Avith well- developed micas, 
the quartz and the limestone becoming saceharoidal, while lapid 
minor folding also sets in. More still : the fissile matrix of the 
;ad 3 acent grit-augen is found on examination to have already 
become a true mica-schist. We have, therefore, here a real inlier 
of the l^enmynydd Zone, although only about 10 feet thick at its 
•outcrop, and no better exposure of the passage to the Penmynydd 
Zone is known in the Mona Complex, lie-examination of a slide 
(E 6139, from the western cli:ffs of the hay) gives farther confirm- 
ation. The greater part of the slide is a calcareous Cwna Green - 
Schist, yet at one side of it is a band brilliant with white mica, 
•some crystals of which are 1 mm. long and 0*25 mm. broad. The 
Penmynydd-Zone anamorphism is therefore selective, developing in 
■seams already rich in the elements of mica, while closely adjacent 
■seams of different composition are still at the stage of Gwna 
■Green Schist. The remarkable rapidity of the passage, in both 
cases, confirms the suggestion (‘G. of A.’ 127) that dynamic 

me ta morphism was facilitated by change of material, as well as 
•of conditions. 

(2) The hornblende-schists. — ^At the 17S-foot level east- 
aiorth-east of Plas-berw, and at several other places, these rocks 
‘Contain (‘ G. of A.’ pp. 114—15) many quartz-aibite augen, which 
by waning of albite pass gradually into ordinary quartz-augen. 
That they belong to the metamorphic process is certain, for some 
•of them are foliated internally, while others are cased in a film of 
paragonite. The stage at which they developed was a late one, 
.for some of them timncate the foliation, though slightly. Yet it 
was hot the final anamorphic stage, foi’ these schists are cut and 
.shifted by foliated quartz-veins containing needles of hornblende, 
which are dynamically connected with the transvei'se folding. 
That these augen are segregations is abundantly evident from 
'their genei’al relations. It is, therefore, of much interest to find 
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that the hornblende-schist in contact with them is nearly always 
much more basic than it is elsewhere. Judging* by its coloration 
one would estimate that it is often twice as basic. In the same 
rock there are many bands of the compact siliceous schist which is 
regarded ('G. of A.’ p. 121) as of adinolie nature ; but these have 
no dark encasements, reaction -rims, indeed, being sometimes 
developed. Thus, where the siliceous inclusion is a xenolith, the 
hornblende-schist is either unaffected, or slightly robbed of basic 
matter : where the siliceous inclusion is a segregation, it is robbed 
of acid matter. 


Y. The Age op the Gxeisses. 

Clastic oligoclase. — This felspar has been found in the 
New Harbour Beds, the Church Tuffs, and the Gwna Beds. 
But, in the Mona Complex, authigenic oligoclase is known only in 
the gneisses, where it is a i^ersistent feature. 

Characters in the different regions. — The process of 
development of the basic gneisses (pp. 343-49) was the same, even 
down to minute details, in the Middle as in the Aethwy Kegion. 
This indicates that these rocks are not mere modiRed forms of local 
intrusions, hut that they belong to a widespread gneissic formation. 

[Relations to the hornfels. — ^IMica-hornfels of the Coedana 
Granite occurs within a yard or two of gneiss at Gw^uidy (‘ G. of 
A.’ pp. 162, 334). A slide cut by J. F. Blake [E 10680] has now% 
by comparison of maps, been found to be from this place. It is 
quite unfoliated, with large porphyroblasts of intergrown muscovite 
and biotite, and it contains orthoclase, which indicates its indepen- 
dence of the Gneisses. Moreover, 217 yards away to the north- 
east, compact cryptocrystalline hornfels occurs only 50 yards 
from gneiss. Mica-hornfels G. of A.’ pp. 162, 322, 833) has now 
been found on the north side of the main Holyhead road, between 
Caer-glaw and the 9th mile-post, only 30 yards from typical gneiss, 
and not separated therefrom by the Trehan Fault. 

Relations to the Gwna Beds. — Re-examination of the 
three gmnitoid masses of Mynydd Wylfa (*G. of A.’ p. 307) 
reveals that the southernmost has a strong lenticular foliation ; 
also, that along its southern margin there are a few feet of basic 
gneiss, heavil^r crushed, but retaining survivals of banding, pegma- 
titic seams, and crystalline junction wuth the granitoid rock, as 
well as a 1-foot hand of a coarse acid gneiss. No doubt, therefore, 
need remain that these rocks belong to the Gneisses. The larger 
of the two northern masses G. of A.’ fig. 139) can be seen to 
overlie Gwna Beds wherein anamorphism is almost imperceptible.^ 

Relations to the Fydlyn Beds. — On the view of the 
geneml succession which has been adopted, the Fydlyn Beds might 

^ No Fydlyn Beds could be found, so they are evidently (p. 339) cut out. 
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be expected, wlierevei* the Gneisses and the Gwna Beds occur 
together, to intervene between those formations. No gneisses 
have been found at F^’^dl^-n ; and at Mynachdy, where tliej do 
occur, it was inferred that the F^idlyn Beds must have been cut 
out (‘G. of A.’ p, 21(3). The result set forth in this paper 
(pp, 336—38) throws a flood of light on the whole question. In the 
first place: as Fydlyn Beds haA^e now heen identified at Mynachdy 
(fig. 2, p. S36)d hi the A’ery position wliere tliey Avere to be ex^ 
pected, my reading of the succession is confirmed. In the second 
place : the contrast between their crystalline condition, which is 
but slightly ananioiphie, and that of the Gneisses with their large 
plutonic albites and large biotites in the foliated bands, is extreme. 
The two conditions belong to widely se^mrated zones of the litho- 
sphere, and cannot be genetically connected. In the third place : 
the Gneisses, as highly crystalline as an^^Avhere in the island, keep 
on (fig. 2) striking at the boundary. 

Finally, a rhyolitic tufE of the Fydlyn Beds [F 12362] has- 
yielded a fragment of plutonic mosaic through Avhich runs a 
folium Avitli pamllel flakes of a Avliite mica, and thus of gneissoso 
character. This specimen, Avhich is from F^^llyn south cliff, was 
obtained at a point about 150 feet below the base of the 
GAvna Beds, the lowest horizon at which any derivative composite 
fragment had hitherto heen found, and therefore a long Avay 
below the only admissible break in the bedded succession. 

Secondary dy iiam-anamorphism. — It has been stated 
(‘ G. of A.’ p. 168) that, at Mynachdy, the Gneisses are wholly 
catamorphic. But a coarse albite-granite of the gneiss [EJ 10642], 
from near the junction Avith GAvna Beds, on the drive, about a 
quarter of a mile east of the house, which is traversed by zones of 
catamorphic shearing, is also traA^ersed by another zone, Avherein 
chlorites and AAdiite micas AAund about epiclastic-looking grains, 
and this zone hears a strong resemblance to a GAAuia Green Schist. 
There is a similar zone in a gneiss of the Gader Inlier [F 10639]. 
The pseudepiclasts, however, are cataclasts of the same alhite a& 
that of the undeformed portion of the slide. Now, the white 
micas and chlorites of this zone are undoubtedly authigenic, hence 
catamoi'phism is hei'e transcended, and anamorphism, patently of" 
dynamic origin, has set in. The degree to which it has developed 
is about the same as that of the Gwna Beds of the Llanfair- 
ynglioniAvy Belt, in AA^hich this gneiss occurs. In fact, Ave see here 
the dynam-anamorphism of the Bedded Succession in process o£ 
being superimposed upon the Gneisses, of the structures of which 
it is quite independent. It follows that the crystalline characters, 
of the Gneisses are not an intensification of those of the Bedded 
Succession, but are their own. 

Seven new pieces of evidence, therefore, go to confirm the vieAv* 

' Fig. 94 C* G. of A.’) will need to he modified, by insextion of a wedge of 
Fydlyn Beds between the gneiss and the Gwna Eed» at the western infold. 
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that the crystallization and foliation of the Gneisses is older than 
the deposition of the Bedded Succession. 

ISTote. — On the 1-inch map, the colour selected for the Gneisses 
has unfortunately, in jn'ocess of printing, come out so as to he 
almost indistinguishahle from that of the New Harbour Beds. 
The Gneiss of the larger tracts can be distinguislied by its symbol, 
but on the smaller tracts there was no room for a symbol. ISIost 
of them can be identified from the Memoir. The tract at the 
word ‘ Mynachdy,’ however, comes against New Harbour Beds at 
its north-western end ; and there is a small one beyond it, between 
Gwna Beds and Serpentine. A distinctive colour-wash might, 
with advantage, be added to all the gneissic tracts by hand. 

YI. The OmaiN or the Basic Gxetsses. 

Some time ago I was led to suspect that the phenomena cited as 
evidence of movement after consolidation (‘G. of A.’ pp. 131-33, 
903, 944) might not be conclusive; and that I might have over- 
looked signs of primary injection-banding, such as that of Skye, 
the Lizard, and Southern Australia. The development of gneisses 
has proved on re-examination to be essentially the same (p. 341), 
in the Middle as in the Aethwy Begion. 

Early stages. — The most primitive condition of the basic 
rock (‘ G. of A.’ pp. 131-32, 322, 376, &c.) is an assemblage of 
closely-crowded masses, usually ovoid, but occasionally sub-cubic, 
or even exhibiting re-entering curves, of iinfoliated or faintly- 
foliated dioritic matter, which (though occasionally) is not pre- 
valentl^’" coarse. Evidently this is (as in the Lewisiaii complex 
and elsewhere) a product of early difEerentiation of the basic 
magma. Acid albitic matter acts as a matrix to basic lumps ; but 
this matrix darkens in some directions, and then acts as matrix to 
acid masses. Further research is. therefore, needed to determine 
the general order of differentiation, 'which seems to be less simple 
than in the Lewisian complex ; this, however, is not essential to our 
present purpose. In only a few yards (as at the Werthyr sections) 
the dioritic masses begin to be flattened, and the Avhole assemblage 
passes ra 2 )idly into a thorough banded gneiss. Except for the 
differences in the nature and behaviour of the matrix, the pheno- 
menon resembles, almost exactly, that of jfl. ix in the Geological 
Survey Memoir on the North-West Highlands, which might 
almost pass for an illustration of it. So far as the foregoing 
description goes, this process might have taken place before con- 
solidation : that is, before crystallization of the differentiated 
magma. The more basic of the unfoliated masses, however, 
frequently contain groups of large quasi-poiqfliyritic hornblendes. 
When flattening begins, these groups also flatten ; and in the 
handed rock they acquire a foliation as well. Now, had the magma 
been fluid when the flattening took place, these groups would have 
disintegrated, and their crystals Iiave been floated away one fr< m 
Q. J.G. S. No. 315. 2 n 
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the other. It must, therefore, have possessed sufficient cohesion to 
hold the groups together, which could not have been the case until 
consolidation was very far advanced, or, possibly, complete. 
Fui-ther, in thoroughly-banded, and even folded, gneisses all over 
the Allor area, survivals of these peculiar hornblende- groups can 
usually be found on scrutiny. Such gneisses, therefore, must have 
been produced by the rolling-out of a di:ft*erentiated magma, and 
at a very advanced stage of crystallization. 

Fig. 4. — JPeffonatifes loitJi foUaied tilto'cthasic encasements in basic 
gneisses: road-forh soutli-ioest of Clegir-mawr ; and Craig- 
alJor (y 1^), 




Pegmatites. — Three genei'ations of these have now been 
distinguished. It is with the first and second generations that we 
are concerned hei'e. Most of them are composed almost wholly of 
albite, often beautifully twinned ; but the wider veins contain 
hypidiomorphic hornblendes, occasionally measuring as much as an 
mch in diameter. Pegmatites with a width of 2 or 3 inches, 
however, are rare, the majority being less than half-an-inch, while 
many are no more than a quarter of an inch thick. Despite the 
fact that their crystals interlock with those of the gneiss, they do 
not pass gradually into it, but are defined in the shaipest manner, 
their margins being clear even under the microscope. Py far the 
greater number of them conform to the foliation of the gneiss 
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(and this may be the case even where it is folded), thus greatty 
accentuating its already banded aspect. Some, h<-)wevei*, truncate 
that banding and foliation at vaidous angles (fig- 5) ; while some- 
times a conformable seam will suddenly turn round, and cut across 
the gneissic banding at angles of 60^ or even 90° (tig. 4). At the 
time of their formation, therefore, the gneiss, already A'eiy near to 
complete crystallization when rolled out, must have been solid. 
Now, it is a constant feature of these pegmatites that tiie gneiss in 
contact with them is much more basic than it is elsewhere, being 

JFig. 5. — J?egmatites with foliateJ v7 fyaha&ic encasements in hasio 
ffneiss : roadside south ofJE^andy Trehan (x o). 




often composed almost entirely of hornblende, Tvith a very little 
albite, and rather more ilmenite and sphene than usual. The 
hornblende is the same green aluminous variety as in the bodj- of 
the rock. Each little pegmatitie seam,^ in fact, is enclosed within 
a pair of black skins or encasements of thicknesses ranging fi*om 
^ to half-an-inch, thus accentuating still fuidiher the banded 
aspect of the gneiss. Moreover, Avhere the acid seams turn round 
and cut across the banding, they are duly accompanied by their 
black encasements. From the respective thicknesses, it is estimated 
that a mean of the composition of pegmatite and selvage inust be 
very nearly the average composition of the adjacent portions of 
the gneiss. It is, therefore, evident that this dark encasement is 
an ultrabasic residuum, left after the rock had been robbed of the 
elements of albite. These pegmatites, accordingly, cannot be 

2 B 2 
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intrusions : thej’’ must Le segregations,^ and segregations from a 
solid rock. Two generations of them can be distinguished, as in 
fig. 0, where one is seen to cut the other, and both have ultrabasic 
encasements. 

In connexion, however, with the origin of the gneissic structures, 
our principal concern is with the eiieasemeiits, and the most 
interesting feature of these is that the}' are foliated. Where their 
jarcnt pegmatites conform to the gneissic banding (as in the 


Vig. 0. — ^ef/ntatitrs ivith foliated ultrahasic encaseme}itii in basic 
r/neissy shoioin^ deflected foliation: (ihoxii 170 y and s north- 
north-west of Oraiff-allor (natural size). 



right-hand part of tig. 4, p. B44), their foliation is i^arallel to their 
trend and to their own boundiiig-pknes, as in that of the other 
bands of the adjacent gneiss. Even where gneiss, pegmatite, and 
encasement are all folded together, the foliation of the encasement 
is folded with the whole triple system, and remains conformable to 

* The pegmatites of the third generation, although much larger, and 
quite as acid, have no dark encasements, but cut gneiss which has that 
feature. Moreover, these veins are not confined to the basic, they appear 
also in the acid gneisses which are probably of sedimentary origin. At the 
crag west of the road-fork west-south-west of Clegir-mawr, one of then 
cuts across the junction of the two. There are, consequently, grounds for 
suspecting them iio be intrusions, at any rate in the positions where we now 
see them, although they may not have come from far away, or have emanated 
from any large batholite, for their felspars also are those of the hornblende- 
gneiss itself. 
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their bouiicling-plaiies. But Avliere (as in the left-hand part of 
lig. *i) their parent pegmatites turn round so as to out across tlie 
banding, tlien, although theA" accompany tlieir }>ogiuatites, their 
foliation does not turn round, but retains the same diivrtion as 
before, and so it is now transverse to their trend and to their own 
bounding-surfaces. Moreover, where they aeeoin 2 )any pegmatites 
of the somewhat irregular kind shown in fig. o (p. 84:5 ), tlie same 
is the case. In general, avo are able to discern a law, Avliieh is 
that, whateA^er may be their own direciion in relation to the 
gneissic structures, their f(.)liation steadily eonfornis to that of the 
gneiss, Avith which it is, indeed, identical. 

But we have seen that the gneiss had solidified before the 
segregation of the first generation of pegmatite. It follows that 
the foliation of the ultrabasic encasements must have deA'elo2)ed 
Avithin a solid rock. 

By AA’^hat agency AA'as it developed? Let us consider, first, 
Avliether the new hornblendes are simpty enlargements of 
existing crystals that AA^ere already foliated, the direction of the 
vertical axes of AA^hich AA^ould determine the direction of growth. 
But there has also been an increase in the number of the crystals, 
and this implies that neAv ones must have grown in sucdi a direction 
as to gwe rise to foliation-. Can Ave then aA^oid looking to the noAv 
familiar agenc^^ of strain ? The two questions Avhieh call for 
ansAver are, first, Avhetlier effects such as Ave see here can be pro- 
duced by stresses oiDerating AAuthin a solid rock ; and. secondly, 
whether there be any evidence that such stresses were actually 
operating within these gneisses. To the first question, another 
part of this paper supplies, as it happens, a decided aiisw'er. For 
Ave have seen that in the hornblende-schists of the Penmyn^'dd 
Zone there are ultrabasic encasements of similar origin, and that 
they are foliated. Noav, in the Penmjmydd Zone, there is no 
doubt whatever (‘ G-. of A.’ pp. 118-28) that the rocks v^ere solid, 
and that the foliations are e:ffects of dynamic inetamorphism. To 
the second question, the phenomena noAv described suppl^’^ an 
answer. In the first place, we have seen that the banding of the 
basic gneisses is clearly traceable to stresses, and that these Avere 
in operation at a stage Avhen consolidation of the differentiated 
magma AA^as, at any mte, A^ery far advanced. These banded rocks 
are, on Craig-allor and other places, folded, and the first generation 
of jiegmatites with encasements, Avhieh we know to have been 
posterior to consolidation, is folded Avith them. IMor is this due to 
the fact that they merely followed pre-existent folds, for the 
foliation of their encasements is also folded. Further, the folds 
are, in places, torn out into thrusts. Such rupture is, in itself, an 
evidence of solidity. But Ave also find that the gneiss is much 
more strongly foliated and ‘spun-out ’ along the limbs (especially 
the middle limbs) of the folds than at their apices, and that 
foliation attains a maximum along the thrust-planes. Along one 
such thrust thei’e is a quarter-inch seam of hornblende- schist with 
micas, and this seam is itself minutely folded. Here, then, Ave 
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have evidence, not merely of a foliation posterior to consolidation, 
and of its being a consequence of deformation, but also of true 
dynamic anamorphism, for a new mineral has appeared along a 
plane of maximum deformation, subsequent to which the foliation 
was itself re-folded. Certainly, in such sections as those of fig. 4 
(p. 344), there cannot have been shearing stress with differential 
movement, for the pegmatite is not disrupted. But in other 
sections the pegmatites are seen to have been affected by the 
agency which induced the foliation, for thej^ are penetrated, and 
sometimes crossed, by the foliated hornblendes of their encase- 
ments ; besides which, where the encasements are sharply folded 
(as at Gefn-du in the Aethwy region) the pegmatites are sheared, 
and acquire a foliation of their own. Finally, there are cases 
(fig. 6, p, 346) vrhere, around a pegmatite of the second generation, 
the foliation, both of its own encasement and of the adjacent gneiss, 
is markedly deflected; which could not have taken place until 
after the pegmatite (if, indeed, it were ever fluid) had thoroughly 
consolidated.! Yet the first pegmatitic generation, and still more 
the gneiss itself, had been solid rock long before the separation 
of this pegmatite; Our second question, accordingly, is answered. 
Stresses were operating within the basic gneiss, pei*haps continu- 
ously, but certainly at intervals ranging from a late stage of the 
consolidation of the diferentiated magma until after its complete 
consolidation, and continuing even after the separation of the 
second generation of pegmatite. 

The evidence as to folial genesis in these gneisses may be sum- 
marized as follows : — In no case is it necessary to postulate move- 
ment anterior to consolidation. There are cases where foliation- 
structure might be anterior or posterior to consolidation. But, 
where definite evidence is available, it shows that folial stmctures 
have developed within solid rock, that stresses were in oi^eration at 
that time, that in some cases at any rate the foliation must be 
ascribed to them, and that it was accompanied by mineral meta- 
morphism.^ 

Posterior to consolidation, however, is not necessarily posterior 
to cooling. And there is decisive evidence that, in this case, the 
rocks were at a high tempei*ature throughout; for there are no 
chilled selvages anywhere, not even to the third generation of 
pegmatites, which are very coarse. Now, it is well-known that 
the adaptability of crystals, both to pressure and to metamorphisin, 

^ This deflection might be ascribed to the force exerted by crystalline 
growth in the pegmatite itself (a principle to which attention has been drawn 
by Dr. Alfred Harker). But, if so, such a deflection would be the rule around 
these pegmatites, which is not the case. 

* That mineral metamorphism can rarely he demonstrated in these rocks is 
easily understood, if we reflect that their magma crystallized originally, not 
as dolerite or gabbro, but as diorite, not as a pyroxenio but as an amphibolio 
rook ; and that amphiboles, being common products of dynamic metamorphism, 
would naturally be stable under such oonddtions. 
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is greatly facilitated by a high tempemture ; which may enable us 
to understand the aj>parent ease with which the ultrabasic selxages 
acquired a foliation. 

VII. CltBONOIiOGY OF THE GnEISSES. 

Banding and permeation. — It has been assumed (‘G. of 
A.’ pp. 139-42) that permeation, granitoid gneiss, and gneissoid 
granite, being higher stages of gi'anitization than banding, are 
also later stages. But re-examination of the section at Hen bias 
(‘ (x. of A.’ id1. xv) has revealed that a good deal of the roclc into 
which the bands were injected, lit par lit, though with trans- 
gression at acute angles (‘G. of A.’ fig. 21), was already a 
permeated bio tite- gneiss. Banding is, therefore, in some cases at 
any rate, later than permeation. Yet, as the bands are still sodium- 
granites, the banding is to be regarded as a fresh invasion by the 
same magma, although the conditions did not at this stage bring 
about such intimate union as before. 

The basic and the acid gneisses. — On re-examination of 
many sections in Allor and at Henblas, not a single case has been 
found where granitoid permeation in biotite-gneiss is later than 
any basic rock. The sillimanite-biotite-gneiss at Werthyr allu- 
vium (* O. of A.’ pp. 322-23; B 11378) is a lenticular xenolith 
100 to 150 feet wide, within the hornblende-gneisses of Allor. Ho 
decisive junction lias been found, but tbe two rocks are seen 
within 20 feet one of the other. The basic gneiss contains itither 
fewer pegmatitic seams than usual, and they have the character- 
istic ultrabasic selvages ; foliation is often rude, and the aspect of 
the rock dioritic. So soon as we pass into the biotitie gneiss, 
granitoid permeation (which is really a soi-t of gi*anitoid albitiza- 
tion) becomes intense. Had the basic gneiss existed when this 
permeation was going on, it could not have escaped. And it has 
escaped. The same relations are seen 170 yards away to the west, 
where, too, the strikes of the two gneisses diverge at an angle of 
45®. Also, at the northern boss on the eastern side of the 
alluvium, and at the forking of the roads west-south-west of 
Clegir-mawr, the foliation of biotitie gneiss is truncated by un- 
foliated or feebly foliated basic rock. The whole body of evidence 
therefore compels me to abandon a view previously expressed 
(‘ G. of A.’ p, 903), and enables us to escape from a 2 >erplexity 
created by that view (*G. of A.’ p. 904). For it is now evident 
that the basic magma was introduced after the granitoid per- 
meation had ceased. Yet, as the basic intrusions have no chilled 
selvages, the permeated rocks must have still maintained a high 
tempemture. 

The Gneissic Succession, — The foregoing evidence enables 
us to revise, and also considerably to extend, our scheme of the 
chronology of these ancient rocks, which may be summarized as 
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follows ; although it must be remembered that stages represented 
as distinct may have overlapped in time : — 


(13) Third generation of pegmatite (temperature still high). 

(12) Second generation of pegmatite, with ultrabasic'l Deformation 

(11) Tirst generation of pegmatite (ultrabasio selvages), f ^ol<hng, and 

(10) J-roduotioa of ^neisSo banduig ..... J “etamorpLism. 

(9) Crystallization of magma (nearly or quite complete). 

(8) Differentiation of magma. 

(7) Intrusion of basic magma. 

(6) Unknown interval (temperature high). 

(5) Granitoid banding. 

(4) Granitoid permeation. 

(3) Granitoid intrusions and thermometamorphism. 

(2) Disturbance and dynam-anamorpMsm. 

(1) Sedimentary rocks. 


Yet we do not know the end, and hardly anything of the 
beginning, of the gneissic process. For our knowledge of the first 
two stages indicated is little more than a glimpse into the mystery 
of these ancient rocks. 


VIII. Becapitulaxion. 

It may be well to summarize the principal contents of this 
paper : — 

(1) The metamorphism of the Complex is older than the pyro- 
clastic series of Bangor. 

(2) The Fydlyn Beds have been identified at three places in the 
northern region, consequently the formation must he extensive. 
It lies at the base of the Bedded Succession, betw’’een the Gwna 
Beds and the Gneisses. Its relations add to the evidence for 
widespread inversion, and reveal major infolds hitherto unknown. 

(3) The Penmynydd Zone. A small inlier shows the selective 
nature and rapid development of the metamorphism. Siliceous 
augen in a hornblende-schist rob that rock of acid matter. 

(4) The view that the Gneisses are older than the Bedded 
Succession is confirmed. 

(5) During the development of the basic gneisses, the separation 
of pegmatites robbed the rock of acid matter. Foliation was 
induced in solid rocks, and in . some cases this can be assigned to 
strain. 

(6) The parent-magma of the basic gneiss was introduced 
after the granitoid permeation of the acid gneisses. Becognition 
of this makes possible a revised and extended chronology of the 
most ancient member of the Mona Complex. 

Discussion. 

Sir Jethro Teate expressed his appreciation of the great work 
that the Author had done in Anglesey. In the speaker’s opinion 
no part of the British Isles of equal area had been surveyed and 
described in greatei: detail, or with more accui'acy. The present 
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paper added new facts of importance, some of which confirmed, 
while others w-ere opposed to, conclusions at which the Author had 
arrived, and thus he appeared as the critic of his own work ; 
certainly, no more competent critic could he found. 

The Authoe said that attention had been called to the great 
amount of work, especially experimental w’ork, which remained to 
be done before we could reach a satisfactoiy general view of the 
genesis of the crystalline schists. Might not good results be 
obtained by the use of crystallizable salts which are amenable to 
change under laboratory conditions ? In the fascinating subject 
of the tectonics and metamorphism of these rocks, investigators 
must be prepared to abandon many an attractive theory, confident, 
however, that the sounder one which takes its place will prove yet 
more attractive and more stimulating. 
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I. Introduction. 

The region to be described covers the counties o£ Antrim and 
Down, with parts of Armagh, Londonderry, Tyrone, Monaghan, 
and Louth, in all about 3200 square miles, and is included in 
sheets 6, 7, 8, 12, 13, 14, 18, 19, 20, 21, 26, 27, 28, 29, 34, 35, 
36, 37, 47, 48, 49, 59, 60, 61, 70, and 71, of the maps of the 
Ordnance Survey of Ireland on the scale of 1 inch to the mile. 

The area is also covered by Bai-tholomew’s ‘ Quarter-inch to the 
mile map of Ireland Sheet 2, which contains most of the place- 
names used in this paper. 

References to the previous papers on the subject are collected 
in a ‘ Bibliography of Irish Glacial & Post-Glacial Geology ’ by 
R. LI, Praeger, Proc. Belfast Nat. Field-Club, App. (1896), 
and in a Summary of Recent Glacial Investigations by the 
B.N,F.O„ iUd. App. vii (1905-1906). 

The area is natumlly divided into four geographical units — 
the basaltic plateau of County Antrim, the Trias- filled valley of 
Belfast, the undulating Palaeozoic area of Down and Monaghan, 
and the igneous areas of the Mourne Mountains, Slieve Oroob, and 
Carlingford. 

(1) The Basalt-Plateau. 

The great plateau of County Antrim is formed of Tertiaiy 
basalts lying unconformably upon various older rocks, including 
Dah’adian schists, Carboniferous, Triassic, Liassic, and Cretaceous 
rocks. The present surface of the basalt country fonns a trough 
with its axis running north and south. The central valley is 
occupied by Lough Neagh, the waters of which stand at 52 feet 
above, and the lowest portion of its floor at 50 feet below, sea- 
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level, and by the lower course of the Eiver Baiui and the vallej" 
of the Kiver Main. The eastern and western portions of the 
plateau rise into extensive uplands. 

The western margin, extending from Magilligan Strand, at the 
mouth of Lough Fojde, to the western shores of Lough Neagli, 
forms in its northern part the bold escarpment of Bine vena and 
Benbradagh, which overlooks the valley of the Roe and the towns 
of Liinavaddy and Dungiven in the rolling country formed by the 
Dalradian schists and gneisses and the Carboniferous rocks which 
ov^erlie them on the northern dank of the Sperrin Mountains. 

Farther south, where the basalts come into contact with the 
great schistose mass of the Sperrins, the escarpment is not so 
marked, owing to the greater height of the land on the west. 
South of the general line of the Sperrins the level of the j^lateau 
falls towards the basin of Lough Neagh, and the escarpment, 
although still present, does not form a conspicuous feature of the 
landscape where it passes from the neighbourhood of Magherafelt 
to Moneymore, and onwards in the direction of Coalisland. 

The eastern escarpment of the plateau runs along the sea-coast 
from Ben more (Fair Head) on the north, to the head of Belfast 
Lough, and thence by Gave Hill, Black Mountain, and Colin to 
the neighbourhood of Hamiltonsbawn in County Armagh. South 
of this point the basalt is re^n’esented by outliers at Markethill 
and Poyntzpass, but these do not foiin marked features. 

The country inland from the eastern cliffs is very hilly, and 
culminates in the rounded dome of Trostan (1817 feet O.D.), 
while farther south the peaks of Sliemish (1437 feet) and Bivis 
(1567 feet) form the dominant elevations. 

The eastern escarpment has been deeply scored by streams which 
flow down its steep face into the North Channel, giving rise to the 
famous Glens of Antrim. These, in succession from the north, 
are Glen Dun, Glen Aan, Glenballyemon, Glenariff, Cariilough 
Glen, Glenarm, the valley of the Larne Water, and the smaller 
glens along the face of the Belfast Hills. 

In the extreme north-east of tlie area, in the neighbourhood of 
Ballycastle, the basalts with the underlying Chalk and Trias have 
been removed by denudation, laying bare the Dalradian schists 
and gneisses below ; but there are several outliers indicating the 
former extension of the basalts over the whole area. Chief among 
these northern outliers is the great dome of Knoeklayde, which 
forms the most conspicuous feature in the Ballycastle district, and 
is separated from the main mass of the plateau by a deep valley 
that played an important part in the drainage of the country 
during the Glacial Period. 

East and west respectively of Knockla^'^de lie the valleys of 
Glenshesk and of the River Tow, the latter being the pre-Glacial 
outlet of the Bush River. 

The centml low-lying portion of the basalt- plateau is occupied by 
the valley of the Bann, and by that of the almost pamllel stream, 
the River Main. The Bann leaves the northern end of Lough Neagh 
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at Tooine i^ridge, liovving through Lough Beg and thence north- 
■w^ards to the sea near Port Stewart ; while the Biver Main rises in 
the northern part o£ the central valley, flows southwards, and, 
after receiving several tiibutaiies from the eastern hills, enters the 
northern end of Lough Neagh at Bandalstowii. 

There is thus presented the unusual phenomenon of two parallel 
streams flowing through the same depression in opposite directions. 
In the latitude of Portglenone the streams api3roach within 5 miles 
of each other, and in no case is the watershed between them more 
than 300 feet above the bed of the Main, or more than 600 feet 
above that of the Baim. 

(2) The Belfast Valley. 

This valley with its seaward extension, Belfast Lough, lies 
between the basalt escarpment on the one hand and the Silurian 
uplands on the other. It is floored by deposits of Trias sic age 
which are much softer than the surrounding rocks, and it is doubt- 
less owing to this difference that the valley owes its existence. 

It is the valley of the lower part of the Kiver Lagan and of a 
smaller parallel stream, the Blackstaff, both of which flow over 
G^lacial deposits, but cut in places into the underljdng Trias. 

The Upper Bann passes across the head of this valley on its way 
to Lough Neagh, and is separated from the Lagan by an alluvial 
plain, the deposits of which rest upon Grlaeial drift of considerable 
thickness. Pending further investigation of the form of the rock- 
head below the drift, the pre-Gllacial drainage of this area is a 
matter of conjecture. 

(3) The Palaeozoic Country of County Down. 

This counti’y is undulating and in many places hummocky. It 
rises to over 700 feet in its northern part, which is separated from 
the southern jjart by a naiTow Ti-ias-filled valley (under 200 feet) 
that runs eastwards from Belfast by way of Comber to the liead 
of Strangford Lough. 

The southern part rises to some 600 feet near Saintfield, and 
falls away gi'adually towards the south with many minor hills, both 
of drift and of solid rock, diversifying its surface. These minor 
hills, drumlins, and roches moutonnees give to the county 
its characteristic hummocky surface, which, locally, is likened to a 
basket of eggs. 

(4) The Igneous Areas of Moui ne, Slieve Croob^ 
and Carlingfoi'd. 

The Silurian rocks of the southern part of County Down are 
invaded by two masses of granite, the older and northernmost 
occupying a belt of country which sti'etches some 6 miles from 
north to south, and extends frona Castle wellan on the east to 
Newry and thence to the neighbourhood of Camlough in County 
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Armagh. In Armagh the granite becomes associated with other 
igneous rocks of a more basic tyj)c, and forms the complex of 
Slieve Gullion (1895 feet O.D.) and Carlingford Mountain (1935 
feet). 

The Mourne Mountains also consist of granite, and form, an 
isolated mass culminating in Slieve Donard (2796 feet) : there are, 
moreover, several other peaks rising to more than 2000 feet above 
the sea. 

The high land of the Ne wry- Castle wellan area and the Mourne 
Mountains on the one hand, and the Slieve Gullion- Carlingford 
mass on the other, are separated by the great valley of Poyntzpass 
and Carlingford Lough, to which reference will be made later. 

II. The Northern Part of the Antrim Peateai; 

(see maji, fig. 1, p. 356). 

[1-inoli Ordnance Map, Sheets 7 & 8, & parts of Sheets 13, 14.] 

Tliroughout almost the whole length of the coastline the country 
is bounded by high, nearly perpendicular clijfts, the exceptions 
occurring in Ballycastle Bay, at the mouth of the Carey Kiver, 
near Bushmills at that of the Bush River, in the neighbourhood 
of Portrush, and at the mouth of the Bann. 

A fault running near the line of the railway from Armoy to 
Ballycastle divides the district into two regions of notably diferent 
relief. The eastern portion extending from Torr Head and Pair 
Head to Ballycastle and Armoy is a country of marked physical 
relief, and is di’ained by the Carey River (with its tributary the 
Glenmakeeran River) and by the Glenshesk Rivei% the waters of 
which enter the sea at Ballycastle. 

The Carey Kiver may be said to take its rise on Cushleake 
Mountain, although the drainage from the slopes of this upland 
flows first into Loughaveema, and thence underground for some 
distance before joining the other tributaries. The valley of the 
Carey River is deeply cut through Glacial clays and gravels, 
although there is but a thin covering of these deposits on the 
higher ground of Carnamnox'e and Carneighaneigh wdiich fozm its 
flanks. 

At a point at an altitude of 606 feet on the main road, on the 
left bank of the stream, there is a thin covering of drift containing, 
among other erratics, the coarse-grained dolerite of Pair Head ; 
Carboniferous sandstone probably derived from the lower part of 
the cliifs above Portdoo, east of Pair Head ; red quartzite ; basalt ; 
and local schist ; also large pieces of vein -quartz showing stria tions. 

At a point 100 yards above CoiTatavey Bridge, in the bed of the 
Corratavey Burn, is a section of a reddish-brown boukler-clay with 
a covering of gravel. The boulder-claj’’ contains schist, flint, clialk, 
basalt, gneiss, vein-quartz, and big boulders of red quartz-porphyry 
derived from the country immediately to the east. 

Boulder-clay similar in composition to the last also occurs at 
intervals over the country lying between the valley of the Carey 
Riyer and Pair Head, 
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The valley" of the Glenmakeeran Kiver is. in its iii>per part, wider 
and more o];)en than that of the Carey, and is encumbered with 
drift up to a height of about OSO feet. This drift is gmvelly in 
chameter, and the level of its upj)er edge is remarkably constant. 
Above that level the drift is scanty, but there are numerous scattered 
boulders of Fair Head dolerite and Carboniferous sandstone. 

In the lower parts of these vallej-s the Grlaeial gravels are 
strongly in evidence, in place.s reaching over 100 feet in thickness, 
and they are arranged in a series of teriaces through which the 
streams have cut, leaving against the hillsides flat-topped shelves 
which make very conspicuous features in the scenery. 

The terraces stand at 680, 510, 430, and 340 "feet, while in- 
distinct remnants of other terraces at still lower levels appear 
in the angle between the Carey and Glenshesk Rivers near their 
junction (see fig. 1). The uppermost terrace was seen only in Glen- 
makeeran, and is not so well marked as those at lower altitudes. 

Beneath the terrace-gravels a red boulder-clay is observed in 
several sections, and in one of these it is 20 feet deep, its base 
not being exposed. 

The terrace-gravels contain Carboniferous sandstone, basalt, 
schist, chalk, flint, vein-quartz, red granite, red quartz-porphyry, 
and the riebeokite-eurite of Ailsa Craig, also the granite of Goat- 
fell and the columnar quartz-porphyry of Drummadoon in Arran. 

On the summit of Fair Head there is a little drift, but many 
surfaces of dolerite are strongly moutonne and striated, and 
erratics of granite including that of Goatfell are sparsely scattered 
over the undulating surface. The striae on the shores of Lough 
Doo run from north 40° east (true). 

In Murlough Bay, south-east of Fair Head, so many large land- 
slips have taken place since the formation of the drifts that it is 
impossible to make out the sequence of the Glacial deposits, 
although boulder-elay can be seen in seveml places. 

The surface of the Carboniferous rocks which lie between Fair 
Head and Ballycastle is covered by gravelly drift in places showing 
moraine-like forms ; but the denudation here has been severe and 
Avhat look, at first sight, like moraine mounds may be the remains 
of a former extension of the gi^avel-terraces. 

The flanks of Knocklayde are but sparsely covered with drift, 
except on their lower slopes, where gia-vels similar to those already 
described occur, although, owing to the steeper inclination of the 
sides of Glenshesk, no termces can be detected in that valley. 

The western pai't of the area, that west of the Ballycastle 
Railway and the fault, is less heavily covered with drift, except in 
the joaorainie area extending from Armoj’" to Balljmoney, which 
will be described later. 

The coastal region consists of rugged basaltic uplands with but 
little drift, and inland between these uplands and the morainic 
country lies a large bog drained by the Inver Burn, Stracam River, 
and other streams into the Bush River. 

The drift over the whole of this region is ebamcterized by the 
presence of the rock of Ailsa Cmig and other northern erratics. 
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The Moraines. 

In the southern i^ortion of the area is an enonnous accumulation 
of moi-ainic material, for the greater part arranged in long ridges. 

Crossing the country from east to west, these ridges first become 
conspicuous on the northern flanks of Crookaneel and Oghthrista- 
cree, between the Owencam Hiver and the Greenan Water, whence 
they extend in a south-westerly direction to the Glenshesk Hiver, 
which they cross at a point about 500 feet above the sea. 

West of Glenshesk the moi*aine is continued along the slojjes of 
Bohilbreaga, above a strongly-marked series of overflow-channels, 
to be described later. 

The valley between Bohilbreaga and Croaghan on the south, and 
Knocklayde on the north, shows numerous mounds of drift which 
mark the continuation of the momine ; but it is not until the 
western end of the valley is reached, near the church and ancient 
round tower of Armoy, that it again becomes a marked feature. 

From Armoy westwards by Gracehill, Stranocum, and Cub*a- 
monej’’ to Ballymoney the moraine forms a prominent ridge or 
series of ridges standing 100 feet above the plain on the north, 
and deflecting many northward-flowdng streams to the west. Thus 
the Bush River, which flows into Armoy from the south, on 
reaching the southern flank of the moraine turns abruptly west- 
wards, as do also the Flesk Water and several smaller tributaries. 
The river eventually breaks through the barrier at Stranocum. 

Farther west, the Breekagh Burn, Glenlough River, and Bally- 
money River are similarly deflected, in this case into the Baiin. 

At Ballymoney the moraine turns noi’thwards, and runs along 
the ridge of high' ground that separates the lower portion of the 
valley of the Bush from that of the Bann. 

The gi'eat moraine is the outermost and largest of a series of 
fi’ontal moraines, and probably represents the terminal moraine 
of an ice-lobe which penetrated thus far during a re-advance of 
the Scottish ice at a late stage of the glaciation. 

!N‘orth of this Armoy-Ballymoney moraine are several other 
ridges, smaller and not so clearly defined. Thus, a mile east of 
Dervock is a ridge of gravel covered by contorted sands, with a 
thin layer of boulder-clay on the top. The gravels contain basalt, 
flint, chalk, vein-quartz, schist, quartzite, and an abundance of 
AiJsa Craig eurite. This ridge appears to be continued north 
of the Stracam ' River by the drift-mounds with similar contents 
which occur near Toberdoney Cross Roads, on the road from 
Dervock to Liscolman. 

Another ridge runs from Doughery Bridge, 2 miles north-west 
of Aianoy, northward to Kilmahamogue, while a furthei" accumu- 
lation occurs along the railway from Capecastle to within a mile 
of Ballycastle, and extends across the valley westwards to Cool- 
kenny. 

There are several extensive ballast-pits along this section of the 
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railway, and in the largest of these the following section is to be 
seen : — 

Thiel: ness in feet. 


Brown sands with lines of pebbles o 

Coarse gravel containing* boulders which measure tip to 

3 feet in length, with lenticles of red stratified clay 20 


Pebbles of Ailsa Craig eurite are very common in the gravel, 
which also contains masses of Carboniferous sandstone ( Canister) 
as much as 3 feet long, schist, gneiss, red quartz-pori^hyry, flint, 
chalk, quartzite, quartz-breccia, red gmiiite, and basalt. 

The whole drainage-basin of the Kiver Tow (Ballyeastle Piver), 
from Capecastle downwards, is deeply filled with drift, the streams 
flowing in deep valleys excavated in and floored by it. There is also 
deep drift all the way from Capecastle to Armoy, and there seems 
to be little doubt that, if the glacial deposits were removed, the 
Bush Piver would flow down the valley to the west of the milway, 
and enter the sea at Ballyeastle, as it probably’- did in pre-Qlacial 
times. 


Glacial Overflow-Channels and the Origin of the 
Terrace- Gravels. 

The terrace -gmvels of the Cai*ey and Glenmakeeran Pivers were 
formed as deltas in a temporary lake, the waters of which were 
held up* by the ice-front ; and the various termees represent the 
successive levels of its waters as the margin of the ice slowly 
retreated northwards. 

During the maximum extension of the Scottish ice, the whole 
of the ridge Cushleake Mountain-Crockaneel— Oghtbristacree— 
Agangarrive Hill, separating the area under consideration from 
Glendun which lies on the south, was completely overridden, and 
attention is now directed to the successive stages of its emergence 
from its ice-covering. 

It will be evident, from the dminage phenomena which will 
shortly be described, that immediately after the masses of ice north 
and south of this ridge had ceased to be confluent, the glacier 
on the south (in Glen Dun) stood at a higher level than that 
in the Carey Piver and Glenshesk. This can be accounted for 
by the fact that the mouth of Glendun opening to the sea 
at Cushendun lay centmUy in the tiack of the great ice-sheet 
issuing from the Firth of Clyde, and there was little to hinder 
its advance up the glen ; while the Carey and Glenshesk area 
lay somewhat to the right of the centre of flow, and was protected 
to a certain extent by the great rampart of Fair Head, there being 
also a comparatively easy escape for the Clyde ice across Pathlin 
Island and thi’ough the channel between that island and Islay. 

Accordingly, we find that there are two overflow-channels, both 
falling northwards, and connecting Glendun with the valleys 
lying in that direction. The smaller of these channels is at a 
height of slightly over 1000 feet, passes between Agangarrive Hill 

Q. J. G. S. No. 315. 2 o 
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and Orra More, cuts the watershed, and connects the head of a 
feeder of the Owenaglush River, a tributary of the G-lendun River, 
with the head of Grlenshesk (fig- 3, p. 365). 

When this Owenaglush channel was operative, the ice on the 
northern face still stood at about 1000 feet, impounding a lake in 
the head of Glenshesk, and the waters of this lake overliowed the 
col between Croaghan and Orra More. The present level of this 
col is 950 feet ; but there is a thickness of at least SO feet of peat 
on the watershed, as can be seen in open section. There is a 
well-marked channel through the watershed, and the existing 
stream, the Shelton Burn, is diminutive when compared with the 
size of the valley in which it flows. 

Another and much larger channel connects Glendun with the 
valley of the Carey River. The watershed, or intake, of this 
channel, which runs along the line of the main road from 
Cushendun to Ballycastle, is at a level of 8-10 feet. Loughaveema, 
the vanishing lake, lies in the channel (PI, XXIII). 

The Loughaveema channel was probably operative to some extent 
while the Owenaglush channel was still active ; but at this stage it 
could only have carried the drainage from the ice, or, perhaps the 
overflow of a small lake held up in the head of the valley of the 
Clady Burn. As the ice-front receded, however, a much larger 
volume of water was diverted to this course. The channel is cut 
through the Dalradian schists, and is broad, deep, and streamless. 

The records of the further stages of the first retreat of the 
Scottish ice have been obliterated by the subsequent re-advance, 
and it is in connexion with the great morainic system already 
described that we can again take up the chain of events. 

When the ice stood at the level of the outermost ridge of the 
moraine the only lake of any importance impounded hy it was that 
in the head of Glenshesk, which still overflowed by the Shelton 
Channel. 

The floor of this part of Glenshesk is occupied by roughly 
stratified gravels consisting, for the greater part, of schist-pebbles, 
and this material appears to have been washed in through the 
Owenaglush Channel by way of the Altahullin Burn. 

The moraine crosses the Glenshesk River at Coskemnacally, at 
about 500 feet above sea-level ; the river has been deflected by it, 
and passes round its western end through a gorge cut in the 
Dalradian schists. 

With a slight retreat of the ice a small channel (® lateral escape ’ 
type) was opened on the line of the road above Coskemnacally, at a 
height of 540 feet, and there are indications of a gravel-terrace or 
delta at about this level in the upper part of the valley. On the 
opening of this channel the Shelton Channel became inoperative, 
and the drainage henceforth was byway of the great valley between 
Knocklayde and Croaghan. 

The next stage is marked by the cutting of a great series of 
overflow-channels on the northern flank of Bohilbreaga (see flg. 1, 
p, 356). At this period the iee-front stood against the noi'thern 
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slopes of Carnanmore and Carneiglianeigli at levels of about 1000 
and 900 feet respectively, and a lobe penetrated the G-lenmakeemn 
valley, covered the flanks of Croekaneel and Oghtbrlstacree to a 
height of between 700 and 800 feet, and filled Glenshesk up to 
the great Coskemnacally moraine. The lake in the valley of the 
Corratavey Burn, which was still receiving the waters from the 
Loughaveema Channel, overflowed by a deep (now peat-filled) 
channel between Carneighaneigh and Croekaneel, and thence along 
the edge of the ice, cutting the channel at 700 feet between the 
Ovvencam Biver and the Greenan Water, also that at a slightly 
lower level joining the valley of the latter stream with Glen- 
shesk, and finally those above the village of Breen on the flank 
of Bohilbreaga. 

The Breen channels form one of the most striking groups in the 
ISTorth of Ireland. There are three main channels and seveml 
smaller ones, all falling westwards, and eventually opening into the 
great Inver channel. The two largest of the Breen Channels are 
each about half a mile long, and from a study of the whole group 
on the ground it is ^^ossible to demonstrate the retreat of the ice 
stage by stage, indeed almost foot by foot. 

A further retreat diverted the overflow of the Corratavey Lake 
to the northern face of Carneighaneigh, and two parallel channels 
were cut immediately above the site of the Glenniakeeran Shooting 
Lodge at 850 and 800 feet respectively ; a channel also was opened 
fi’om the headwaters of the Glenmakeeran Biver, at this stage 
occupied by a lake, through a col at a height of 689 feet (present 
level of the surface of peat). This channel flowed in a south- 
westerly direction, out across the valley of the Owencam Biver, 
which stream it permanently captured, the old V-shaped channel 
leading over into Killuca Burn being still visible at a height of 
80 feet above the present level of the Owencam Biver,at the point 
where it enters the gorge of the overflow (see fig. 2, p. 362). The 
gorge is cut in the schists and, at its lower end, in red boulder-clay 
containing northern erratics. 

This Owencam channel opened into the valley of the Greenan 
Water, then an arm of the Glenshesk Lake, which at this stage 
stood at a level of slightly over 400 feet, and overflowed by the 
Inver channel, which it continued to do until finally drained by 
the removal of the ice from its lower end, 

A further retreat rendered the Corratavey and Glenmakeeran 
lakes confluent round the northern end of Carneiganeigli, and 
allowed their waters to overflow the col (600 feet) at the head of 
what is now known as Altifiirnan Glen (see PL XXIV). This glen 
is an enormous dry gorge, excavated in hai'd schists to a depth 
of more than 100 feet. It winds considembly, and, at present, so 
small is the amount of drainage that an artificial channel 1 foot 
wide is sutflcient to carry it off ; even this is dry in summer. 

At its lower end, where it enters Glenshesk, it divides into two 
portions, and of these the southern branch is the older, while the 
aiorthern (which is also the larger and deeper) at present carries the 

2 0 2 
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drainage. This bifurcation of the channel indicates that a lobe of' 
ice still penetrated Q-lenshesk as far as this point, and stood at a. 
l&vel of about 600 feet, thus closing the outlet of the pre-existing 
northern valley, and allowing the waters to cut the southern channel. 
A slight retreat then opened the northern branch, which was rapidty 
deepened and widened by the powerful stream from Glenmakeeran 
Lake. 

The Altiffirnan gorge comes to an end abruptly on entering 
Glenshesk, and is continued by a normal V-shaped valley com- 
parable in magnitude with the existing stream. The change in 
character of the valley takes place at a level slightly above 400 feet,, 
which has already been indicated as that of Glenshesk Lake and 

Fig. 2. — GapUtre of the Oiaeneavi B>iver by an overflow-channel 
from the laJce in Glenmalceeran. 

GLENMAKEERAN 









[The deserted valley is seen on the left, and Oarneighaneigh 
in the ’background.] 

of its great overflow the Inver channel. The cutting power of the 
Altiffirnan stream was neutralized so soon as it entered the watera 
of the lake, and the gorge ends abruptly at that level. The small 
V-shajped continuation is the work of the existing post-Glacial 
stream, which enters the gorge from the north just above the 
bifurcation. 

The upper terrace in the Glenmakeeran valley can be correlated 
with the level of the intake of the Owen cam channel, and the 
largest of the terraces in the Oorratavey and Glenmakeeran valleys 
with that of Altiffirnan Glen, 

A still further retreat opened a channel in the Townland of 
Glish, across the spur between the valleys of Glenmakeeran and 
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Glenshesk. This channel is much smaller than those on the south. 
The present level of its intake is 590 feet ; but there is a thickness 
of at least 20 feet of peat above the solid rock, and the upper part 
of the valley is occupied by a long, narrow, swampj’' lake. 

At or about this stage, the Scottish ice was no longer able to 
sui'mount the rampart of Fair Head and the cli:ffs above Murlough 
Bay and Torr Head ; but the drainage from the ice, which stood 
level with, or sJightlj^ above, the summit of the cliifes, still found 
its way into the lake which occupied the head of the Carey Biver, 
and cut several channels through the Fair Head dolerites. The 
northernmost of these runs from the summit of the eliiffi, above the 
colliery at Portdoo, into Lough Cranagh, and another through 
Lough Fadden. 

West of Ballycastle are several well-marked channels which 
drained small lakes held up b}^ the ice in the basin-shaped 
valleys opening on to the line of sea-cliffs. These channels 
conveyed the water southwards on to the area of the bog, which 
lies between the basaltic uplands along the coast and the great 
Armo}’^ moraine. Thus the waters of a tempo raiy lake in 
Glenstaghey drained by a channel crossing the bog west and 
south of Carnsaggart, and those of the area around Ballintoy by 
way of the valley on the line of the road which leads southwards 
from Ballintoy School, the watershed in this ease being at about 
450 feet. 

Finally, at the western end of the valley above Bunseverick 
there is a very big dry channel, cutting through the watei'shed 
from Lisnagunogue to the terminus of the electric railway at the 
Giant’s Causeway. 

The accumulated waters from the area between the uplands and 
the moiuine found their way to the sea through a gorge-like valle}’ 
now occupied by the Bush Biver. This valley, from the point 
where the river cuts the 100-foot contour to the town of Bushmills, 
has steep sides and a flat floor, and the present stream has little 
cutting power owing to its low gradient. This part of the valley 
is cut in basalt, and in several places : for example, at The Island, 
where the valley is over 50 feet deep and quite narrow, cliffs over- 
hang the stream. Although the valley still carries the waters of 
the Bush Biver, a not insignificant sti’eam, from its size and 
•con tom,' I should judge that it had required a much more powerful 
argent for its erosion. 

From Bushmills to Portrush the cliffs are high and rugged, and 
I could find no features of glacial interest upon them. 

The low-lying tract extending from Portrush to the Biver Bann 
consists largely of glacial accumulations and wind-blown sand, and, 
when that river is crossed, the basaltic slopes are found to be 
covered with glacial deposits, both gravel and boulder-clay, wMch 
yield strong evidence of their northern origin. Thus, at the brick- 
works south of Irish Houses, there is a section 15 feet deep in 
brown boulder-clay, containing big boulders of basalt, Carboniferous 
Limestone (striated) and chalk, and smaller masses of quartzite, 
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grit, flint, red Carboniferous sandstone, gneiss, and Ailsa-Craig 
eurite. This is at the southern end of the pit, and the boulder- 
clay forms a ridge north of which the brick-clays (laminated and 
without stones) were accumulated in still water. 

About half a mile away to the north, at Drummaquill, Mr. F. W, 
Egan ^ mentions the occurrence of gravels containing large numbers 
of Liassic fossils, including G-ry^liiBa and belemnites. On visiting 
Drummaquill I found that the gravel-pits are not now so exten- 
sively worked as formerly ; but I was able to obtain numerous 
specimens of GryphcBct arciiata, several fragments of Hilcloceras 
hifrons^ some Liassic belemnites, as also a specimen of JBelemni- 
tella mucronata from the Chalk. 

The Liassic debris can only have been derived from the neigh- 
bourhood of Portrush on the north, and this noi*thern origin is 
borne out by the large masses of chalk and the pebbles of Ailsa 
Craig eurite in the boulder-clay south of Irish Houses. 

The westernmost part of the coast entering into the area under 
consideration is that which extends from Castlerock at the mouth 
of the ’Bann to ^Hagilligan Strand at the mouth of Lough Foyle, 
The coastline consists of precipitous clifEs of basalt, wuth a narrow 
strip of raised beach running along their foot and carrying the 
road and railway. 

III. The East Coast of County Antrim. 

The eastern coastal section of County Antrim will be most con- 
veniently described in two portions — ^the first extending southwards 
from the region just discussed to the ridge of high land running 
from G-arron Point south-westwards to Elginney Hill, north-east 
of Ballymena, and culminating in Colin Top (1426 feet) ; the 
second from that lidge southwards to the line of railway from 
Antrim on Lough Neagh to Greenisland on Belfast Lough. 

The Northern Area (see map, fig. 3^ p. 365). 

A considerable part of the area is above the 1000-foot contour, 
and this elevated region is deeply trenched hy a number of valleys 
falling eastwards to the sea-coast. These, in succession from the 
north, are Glendun, Glenaan, Glenhallyemon, and GlenarifB. There 
are also the western valleys of the Bush Biver and Glenravel, the 
latter carrying the light railway fi-om Parkmore to Ballymena. 

The ridge from Agangarrive (1225 feet O.D.) to Crockaneel 
(1321 feet) lying north of Glendun, and that from Crocknacreeva 
(1092 feet) to Gruig Top (1123 feet), separating Glendun from 
Glenaan, consist of the Dalradian schists. 

Cross Slieve, the isolated hiB lying on the coast between 
Oushendun and Cusheiidall, is of Old Bed Sandstone, with con- 
spicuous beds of conglomerate, a small intrusion of dolerite near 
Oushendun, and a volcanic neck (Tieveragh) at its southern end. 

^ Kem. G'eal. Surv. Ireland, Sheet 13, 1884, 
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With these exceptions, all the high land consists of the Tertiary 
basalts, which rest in some places directly upon the Dalradian 
schists, hut elsewhere are separated from them by attenuated re- 
presentatives of the Trias, Lower Lias, and Cretaceous rocks. 

Grlendun. — The greater pai-t of Glendun, from the Shooting 
Lodge downwards, contains large quantities of gravelly drift, 
although in places boulder-clay occurs. In the stream immediately 


Fig. 3. 



below the Shooting Lodge the gi-avels and sands are fine-gramed 
and stratified, and they contain abundantly schist and vein-quartz 
with a little hint, chalk, and basalt. All these rocks could be 

derived from the north-east. i . -u i aj. 

The gravelly drift is, for the greater part, confined to the bottom 
and the lower slopes of the valley; while the higher slopes, from 
the 1000-foot contour downwards, ai^ strewn with enormous 
numbers of big boulders of the local schist and gnei^. 

Near the iunction of Clyttaghan Burn with the Glendun River, 
and in the upper part of the valley of the burn, are considerable 
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morainic accumulations, consisting of sand and gravel with 
contents similar to those found near the Shooting Lodge. 

The stratified deposits in the upper part of the valley were 
accumulated in a lake, which overflowed at a level of about 950 feet 
into G-lenaan by way of a channel between Crocknacreeva (1092 
feet) and Aghan (1197 feet). 

Below the junction of Clyttaghan Burn there is a continuation of 
the gravelly deposits, which are again confined to the lower slopes. 
These extend down to the 50-foot contour below the viaduct, where 
they are replaced b 3 ’’ another series which forms a dissected tei*race 
at about 25 feet above sea-level, and is described on the maps of 
the G-eological Survey as ‘ liaised Beach.’ There is an extremely'- 
good section in this deposit immediately above the bridge over the 
river at Oushendun. A bend of the Glendun Biver is at present 
cutting into the terrace. The section is 30 feet high, and the 
base of the deposits passes below the level of the stream, which 
at this point is tidal. The gravels are strongly current-bedded, 
and contain la^^ers of red laminated clay. The pebbles include 
quartzite, sandstone (Old Bed), schist, flint, purple porphyrite, 
vein -quartz, also a granite with pink porphjuitic felspars, which 
occurs in situ at the elbow of the road a mile north-west of 
Oushendun, 

At the base of the gi’avels, at about high-water level, is a bed 
of silt containing fragments of wood and some roots, probably 
of a species of willow, the position of which suggests that they- 
are in their place of growth ; also hazel-nuts, a vertebra (probably 
of Sus sGTofa), and some marine shells, including CarcUtcm edule 
and Litforina littorea. The silt appears to rest upon the 
boulder-clay ; but this part of the section, being below tide-level, 
is difficult of access. 

The portion of Glendun which lies above the Shooting Lodge is 
of particular interest, as it contains evidence of glaciation by local 
ice which (with that at Newtown Orommelin shortly to be 
described) is the only indication that I have found in this part 
of Antrim. About 2 miles above the Shooting Lodge, at a height 
of 950 feet, a small, but distinct, terminal moraine crosses the 
stream with its convex face down stream, consisting entirely of 
basalt-boulders and basaltic detritus. It is evidently the product 
of a glacier emanating from a snowfield in the great basin which 
lies between Bush Head and Pollan Bridge, in the triangle between 
Trostan (1817 feet), Slievenanee (1782 feet), and Eagle Hill. 

The long spur which runs from Gimig Top towards Oushendun 
is covered by great numbers of enormous boulders of the local 
«ehist. 

Glenaan. — Glenaan shows no sign of the local glaciation, the 
Scottish drift being plentiful up to 1200 feet O.D. Above this 
level the country is deeply covered with peat, and all else is 
obscured. 

An examination of the drift from about 700 feet upwards reveals 
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,soine interesting points. At 700 feet the stream is cutting in 
.schist, and there is little else in the drift ; but, slightly farther up 
.stream, there is an outcrop of the Chalk follo\Yed by that of the 
Tertiary basalt, and both these rocks become plentifiil in the drift 
;so soon as their respective outeropjs have been passed. Schist is 
.still present in great quantity and in very large masses, although we 
are now above its outcrop, both phj^sically and stratigraphieally. 
This shows conclusively that the movement of the ice was up- 
rstream, an inference which is confirmed hy numerous other obser- 
vations. 

On the low flat col between the head of the Glenaan Kiver and 
that of the Issbawn Burn is an extensive ‘floating bog’, and in 
the latter stream (at an elevation of 1050 feet) gravelly drift 
occurs, containing much schist and a boulder of purple porphyrite 
(the nearest outcrop of which is at Knoekans, some 2^ miles away 
to the north-east, and at a much lower level : namely, 300 feet 
.above sea-level). 

About a quarter of a mile farther east, on the northern flank of 
Timoyle, at an elevation of 900 feet, is an extensive deposit of red 
sandy drift, consisting largely of Triassic debris and resting upon 
basalt. It contains boulders of schist and vein-quartz, as well as 
pebbles of quartzite from the Old Red Sandstone conglomerates 
■of Cross Slieve. 

The spur which separates the valley of the Issbawn Burn from 
Glenaan has its highest point in Tievebulliagli (IS-^jO feet), of 
which the northern face, consisting of basalt, falls almost vertically 
for 400 feet. On the summit of this escarpment of Tertiary basalt 
are numerous boulders of Dalradian schist, showing that Tieve- 
bulliagh was entirely overridden by the ice fi*om the north. 

Glenballyemon. — In Glenbaltyemon are many sections in 
Glacial deposits. Below Ballyfad, at 300 feet, the river cuts 
through some 20 feet of bright-red boulder-clay, with lenticular 
beds of red sand. The boulder-clay contains basalt, chalk, flint, 
■quartzite, vein-quartz, Old Red Sandstone, Cxishendun quartz- 
porphyry, and scliist, the boulders being nearly all striated. For 
a distance of nearly three-quaiters of a mile, up to a level of 
400 feet, the river-channel is in this boulder-clay, and a similar 
deposit is exposed at intervals in both the river and its tributaries 
up to 600 feet. 

Boulder- clay is also exposed in a small basalt-quarry on the side 
-of the main road opposite Retreat Station, on the Ballymena 
Cushendall Railway, at about 850 feet above O.D, Here a tongue 
of the boulder-clay lies beneath a mass of basalt which has the 
appearance of being in place, foi’, so far as can be seen, it is con- 
tinuous wdih the flows on the slope above the quarry. The nether 
surface of the basalt mass, exposed during the quarrying opera- 
tions, was seen to be striated fi*oni north-east to south-west. The 
tongue of boulder-clay appears as if it had been forced into the 
plane between the successive flows of basalt from the scarp-face 
.at the northei’n end of the quarry. 
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The boulder -clay contains numerous pebbles of quartzite derived 
from the Old Ked Sandstone conglomerates, also basalt, schist,, 
vein-quai’tz, Cushendun quartz-porphyry, purple porphyrite of 
Cushendall, flint and chalk, and even Ailsa Craig eurite. 

Flint- and quartzite -boulders occur on the summit of the col 
between Trostan and Crockalough. The Scottish ice undoubtedly 
passed over here into the upper part of Grlenarif£, and thence over 
the lower col (950 feet) above Parkmore Station into Glenravel. 

Glenariff. — Glenariff, the largest and most magnificent of 
the Glens of Antrim, jDOssesses extremelj^ steep slopes, and the 
river flows for a considerable distance through a narrow gorge cut, 
in the basalt. Drift-sections are not so frequent in this valley as 
in those on the north ; but such as there are show material similar 
to that in Glenballyemon, although boulders of schist are much 
less frequent. 

GlenarifE, in common with the more northerly glens, was com- 
pletely filled with the Scottish ice, and the great moorland on the 
south-east (many square miles of which lie above the 1000-foot, 
contour) was also overridden. 

These great glens show very few lacustrine phenomena, nor are- 
there many overflow-channels, and such as exist are of small size. 
One of some interest lies at the foot of Glenaan, and carries the> 
Glenaan River into the Dali River. 

Between Gruig Top and Cross Slieve is a wide, open valley, 
compamhle in size with Glenaan, and this formerly carried the- 
Glenaan River, which in pre-Glacial times was a tributary of the- 
Glendun River. The upper part of this valley east of Knockbane- 
is now streamless, and even at its northern end it carries but a 
tiny stream formed by the confluence of small tributaries from the 
flanks of Gruig Top and Cross Slieve. 

At one stage during the retreat of the ice the mouth of Glendun- 
was closed, and a lake was impounded in Glenaan ; this overflowed 
the col of Old Red Sandstone on the south, and cut the gorge- 
w^hich now carries the waters of Glenaan into the foot of Glen- 
ballyemon, and so, by way of Cushendall, to the sea. 

Immediately south of Rnoekhane is a considerable accumulation 
of morainic material, and this prevented the Glenaan River from 
resuming its pre-Glacial channel on the retreat of the ice. 

A small overflow-channel cuts across the lower slopes of the 
spur of Lurigethan, in the neighbourhood of Knockans. This is at 
a height of 300 feet above O.D., and is the southernmost along 
this section of the coast. 

Small south ward-f ailing channels were probably produced on the 
steep face above Garroii Point ; but, if such were tbe case, they 
have been long since obliterated by the gigantic landslips that 
have occurred during post-Pleistocene time. 

Glenravel. — During the maximum extension of the Scottish 
ice a large glacier passed over Parkmore and down Glenravel to 
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the neighbourhood o£ Ballymena, and probably still farther south, 
although the traces of this fui*ther movement have been removed 
by a later glaciation from the south-west. 

At a later stage, while considerable quantities of ice were still 
passing from the north-east down Glenravel, the pressure of the 
northward-moving ice, in the great central depression occupied by 
the valley of the Biver Main and that of the Kiver Bann, had 
so far increased as to turn the Glenravel glacier north Avards, round 
the spur of Slieverush, near Newtown Crommelin. 

This movement is indicated by the direction of the axes of the 
numerous drumlins (consisting of reddish gravel, which contains, in 
addition to the local basalt, considei’able quantities of schist and 
gneiss) between Ballynagaboy Bridge and Corkey, and by the 
drainage-channels which fall north-westwards. These include a 
channel at 950 feet above O.I). cut through the basalt-spur north 
of the Aghanageeragh Biver, and a much larger winding valley 
(at 750 feet) cutting the spur of Slieverush near the cross-roads, 
2 miles south-east of Ballynagaboy Bridge. 

The valley of the Skerry. Water above Newtown Crommelin 
contains large quantities of basaltic gravels and bouldei*-elay with 
no erratics, and was probably occupied (at all events at a late 
stage) by a glacier from the great snowheld in the triangle between 
Trostan, Slievenanee, and Eagle Hill, already mentioned (p. 366). 

The northern flank of the Glenravel glacier is marked by a series 
of channels on the line of the mineral railway from Parkmore to 
the ironstone-mines near Ballynahavla Bridge at 1050 feet O.D., 
north of Tuftarney Hill at 850 feet, and two parallel channels at 
960 and 940 feet respectively, through the spur of Skerry Hill 
Avhich terminates in the bold escarpment of the Skerry Rock above 
the village of Newtown Crommelin. 

The direction of the ice-flow is shown by the striations on a sill 
of dolerite at Tuftarney Hill. 

The Southern Area (see map^ fig. 4^ p. 370). 

The rivers flowing down the seaward slope are the Carnlough 
River, the Glencloy River, the Glenarm River, and several smaller 
streams farther south, including the Larne Water, the ^ Glynn 
River, and the Woodburn River. The western slope is diained by 
the Braid River, the Glenwhirry or Kells River (both tributary 
to the River Main), and by the Six Mile Water and its tributaries 
flowing into Lough Neagh- 

The valley of the Carnlough River is very deep and gorge- 
like, and contains a fine waterfall. Its flanks are thickly covered 
with boulder-clay and gravel up to 1000 feet above O.D. This drift 
rests upon basalt, and contains boulders of basalt, flint, and chalk, 
the two last-named having been carried up the valley from the 
Cretaceous outcrop between the 200- and 300-foot contours. 

The upper part of the Carnlough River is known as the Cranny 
Water, and at its head (at 1075 feet O.D.) is a broad and deep 
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overflow-channel, cutting through the watershed and falling south- 
Avestwards into the headAvaters of the Cleggan Eiver, a tributary 
of the Eraid. The Cranny channel is much encumbered A\uth peat,, 
and contains a long narrow lough known as Cranny Lough. 

The valley of the G- len cloy EiA^ei* is broad and open, and carries, 
the main road from Carnlough to Ballymena. It opens widely 
towards the north-east, and receiA^ed the full thrust of the Scottish 
ice, as is sIiovaui by the numerous striated surfaces Avhieh occur in. 
the A^alley itself, on the watershed, and in the valle}" of the Braid 
Eiiver beyond. All these sti*i£e point between west and south, and 
in many of them it is easy to ascertain that the ice-flow w^as from 
north-east to south-west. 

At the head of Glencloy the watershed is cut by four Avell-marked 
overflow- channels, all of Avliich fall westwards. Three of these, lying 
north of the road, connect the Glencloy drainage Avith the liead- 
Avaters of the Tieloy Water; Avhile the fourth lies immediately 
south of the road, and has two bmnehes at its upper end at 650- 
feet above the sea. The three northerly channels are all at about 
the 700-foot level, the northernmost haAung its intake at 660 feet,, 
the middle one (Avhxch is 40 feet deep) at 720 feet, and the 
southernmost one (which is partly filled A\dth peat) at 750 feet.. 
These channels cannot Avell he explained as the overflows of a lake, 
with the exception of that Avhich lies at 650 feet on the line of the- 
road. The others Avere probably formed by streams flowing o:fl the 
ice, at a time when it stood at the level of the Avatershed, but was . 
unable to cross it. 

The next valley to be considered is Glen arm, which falls from 
south to north, and at its head divides into two branches — the- 
valley of the Owenaclogh}^ Water on the west, and that of the- 
Linford Water on the east. 

Both these valleys contain much drift, quantities of Avhich are 
also spread over the broad moorlands Avherein the streams rise. 
Thus, on Douglas Top (1325 feet O.D.) and Glen Head (1287 
feet) there is drift which appears to contain basalt only, but at 
800 to 750 feet (in the course of the Owenaeloghy Water) are 
several cuttings in sandy gmvel, roughly stratified, and containing 
basalt, chalk, flint, and Ailsa Cmig eurite ; Avhile, lower down the 
saxne valley (at 720 feet O.D.) is an excavation in the side of a 
mound of gravel, Avhich shoAvs current-bedding, and contains basalt, 
as also numerous pebbles of chalk and flint. 

Bed bouldei’-clay containing basalt and flint is exposed in a road- 
cutting at 600 feet, thi’ee-quarters of a mile north of Park Mill, 
and in several smaller sections in the same neighbourhood. 

These deposits are all considerably above the level of the Creta- 
ceous outcrop, and the occuiTence of chalk and flint is, therefore, 
significant. 

The valley of the Linford Water and its upper portion (which is 
called SkeaghWater) also contain great quantities of gravelly 
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drifts usually current-bedded, and in some places showing signs of 
a terraced arrangement, although this is not well-marked. 

At Linford Bridge is a termce-like mass of boulder-clay covered 
by red gravel, and the stream is cutting in gravel ; but, although 
the valley is large, the stream is diminutive and inactive, and tlie 
.-section very poor. The bed of the stream contains basalt and 
many angular fragments of flint. The terrace is continued along 
the side of Glenarm as far as the Homan Catholic Chapel at Feys- 
town, although its level falls from 740 feet at Linford Bridge to 
about 680 at Feystown. 

Near the road- junction north-west of Craigy Hill, at a height 
of 750 feet, is a small lateral moraine, consisting of gravel, which 
is chiefly basaltic, but contains also chalk, flint, chalcedony, red 
ironstone, lithomarge, and a purple porphyrite similar to that 
which occurs on the coast at Cushendall. 

The lower part of Glenarm contains great quantities of drift, 
both boulder-clay and gravel, the contents being basalt, chalk, 
flint, purple porphyrite, gneiss, schist, and Ailsa Craig eurite, all 
rocks which occur on the north. 

There are several striated surfaces on both sides of the valley, 
and these, taken together with the erratics, show definite evidence 
of a movement of ice up the valley. This inference is supported 
in a most striking manner by the drainage-channels now to he 
desciubed. 

At an early stage during the retreat of the ice, when the upper 
parts of the plateau were first freed from ice, lakes were held up 
in both arms of the valley, Owenacloghy Water and Linford Burn. 
In the earliest stage the glacier flowing up the Owenacloghy Water 
was still confluent with the ice of Glencloy and the Braid Hiver ; 
but that in the Linford valley on the east was unable to surmount 
the watershed, and at one stage its front stood across the valley 
from Skeagh (1127 feet) to Robin Young’s Hill (1262 feet), thus 
holding up a lake in the valley of the Skeagh Water. 

This lake overflowed southwards by way of the col at the head 
of the Skeagh Water, between Creeve (1186 feet O.D.) and Agnews 
Hill (1558 feet) into the Cross Water, a tributary of the Glen- 
whirry River, The overflow cut a broad channel, at a level of 
1050 feet, which falls south-westwards and winds considerably. 
Its sides are steep, its floor is covered with peat, and throughout 
the greater part of its length it is streamless, although at its 
southern end is a small flow which is tributary to the- Cross Water. 

The retreat of the ice-edge from Skeagh Hill towards Oraig- 
cluggan allowed the waters of the lake to escape westwards into 
the valley of the Owenacloghy Water, and a channel was cut 
immediately south of the road from Skeagh Bridge to Owena- 
cloghy Bridge at a height of 960 feet ; later, two parallel channels 
south of the road were cut at 950 and 940 feet respectively. 

At this stage, the ice in the North Channel stood against the 
eastern side of the great ridge Agnews Hill — ^Robin Young's Hill 
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— Seawt Hill — Black Hill, which separates Glenarm from the 
coast, and discharged gravel-laden waters into the eastern arm of 
Skeagh Water Lake by three channels, at levels immediately above 
1000 feet, lying south of the road from Larne to Skeagh Bridge. 
Each of these channels has a well-marked gravel-delta, at a level 
of between 950 and 1000 feet at its western end, these deltas 
marking the 'water-level of the lake during the period of the ovei*- 
tlow by the Skeagh channels into the Owenaeloghy Lake. By this 
time the ice had fallen back sufl5.eientl3^ far to fre^e the upper part 
of the Owenacloghy valley, and to allow of the formation of a lake 
in that depression. 

At this stage, the Owenacloghy Lake jR’obably drained across the 
low ground between Douglas Top and Sliemish Mountain, and so 
by the Douglas Burn into the Glenwhirry lliver. The col is now 
occupied by an extensive peat-moss, and so the overflow-channel, 
if such exists, is completely obscured. 

With a further retreat of the ice-front the Owenacloghy- and 
Linford Lakes became confluent, a channel was opened through the 
col between Robin Young’s Hill and Seawt Hill, which discharged 
much water and gravel into the lake from the easteini ice, and the 
waters of the combined lakes overflowed westwards at a height of 
720 feet, by way of an extremely well-marked st]*eamless channel 
between Tuftarney Mountain and Slievenamona, into the Braid 
River. 

The waters appear to have stood at about this level for a long 
period, and it will be remembered that this is also about the level 
of the terrace mentioned on p. 372, extending from Linford Bridge 
to Feystowm. 

Further recession allowed of the escape of the water into the 
head of G-lencloy, by channels at 710, 670, and 630 feet respec- 
tively. The first of these is close to the main road from Bally- 
mena to Glenarm, the second midway between that road and the 
summit of Druinmore, and the third north of that hill. 

The country between the basalt-escai'j^ment and the North 
Channel, from Glenarm Bay to Ballygalley Head, consists of out- 
crops of Chalk, Liassic rocks, and Triassic sandstone and marl. 
The surface is much broken by landslips, most of which are of 
post-Pleistocene origin, and (as a result) the glacial phenomena 
are extremely difficult to foUo'w in detail. All the drift-deposits 
of this area are of the northern type, and pebbles of Ailsa-Craig 
eurite are extremely common. 

At several places along the coast-road are exposures of Glacial 
gravels containing, along with the northern eiTaties, fragmentary 
marine shells, and in one section at Ballyrudder an extensive collec- 
tion of shells was made by a committee of the Belfast Naturalists’ 
Field-Olub, the section being also carefully deseribed."^^ 

Southwards from Ballygalley Head to Larne, and inland to the 


1 Proe. Belfast Nat. F. C. ser. 2, vol. iii (1893) pp. 518-25. 



374 MAJOR A. R. BWERRyHOUSJE ON THE [vol. Ixxix^ 

great amphitheatre of Sallagh Braes, the country is covered with 
the northern drift, the ice having passed southwards along the 
foot of the escarpment into the valley of the Larne Water, at the 
head of which stream it passed over into the vallej^ of the Six Mile 
Water, and thence hy Ball3mure and Eallyclare, to Antrim and 
Lough ISfeagh. This arm of the Scottish ice picked up and carried 
with it large quantities of the Tertiary rhyolite of Tardree Moun- 
tain, boulders of which form so conspicuous an ingredient of the- 
gravels near the town of Antrim. 

Through the col between the head of the Larne Water and the 
Six Mile Water is a large overflow-channel falling south-westwards,, 
and on its flanks are numerous drumlins, the long axes of which 
are parallel to the channel. The light railway from Larne to- 
Ballymena passes through this channel. 

The peninsula of Island Magee was glaciated from north-west 
to south-east hy the Scottish ice, and the deposits (both boulder- 
clay and gravel) contain Ailsa Craig eurite, basalt, Carboniferous. 
Limestone, chalk, flint, and the purple porphyrite of Cushendall. 

From Larne southwards the coastal strip of low ground is drift- 
covered in many parts, although the covering does not appear to- 
be very thick, as the solid rocks crop out in many jflaces. 

In the G-lenoe valley a lake was held up by the ice at one stage- 
of its retreat, and its waters overflowed hy a well-marked channel 
into the valley of the Copeland Water on the south. 

The Triassic country from Oarrickfergus to the foot of the Cave- 
Hill at Belfast is also covered hy a variable thickness of northern 
drift, here made up very largely of the debris of the local Trias. 

On the basalt escarpment of Knockagh, near Greenisland, are 
two dry gaps of the * in-and-out ’ type ; hut the country did not- 
lend itself to the formation of extensive lakes. 

IV. The BeiiEast Valeet. 

The Belfast Valley and its northwaifl continuation (Belfast 
Lough) lie on a belt of soft Triassic rocks ; they are bounded on 
the east hy the Silurian uplands of County Down, and on the west 
hy the basalt escarpment. The drifts of the valley have been well 
described in the Geological Survey Memoirs,^ wherefore it is not 
necessary to enter into any great detail here. 

The lowest deposit appears to be a red bouldei'-clay with basalt,. 
Silurian grit, chalk, flint, Ailsa Craig eurite, and fragmentary 
marine s^hells ; but the most conspicuous accumulations are sands 
and gravels. 

Banning down the centre of the depression, between the valley of 
the Lagan and that of the Blacksta:fl, is a broken ridge of red sand, 
the ‘ Malone Sands ’ of the Geological Survey. These ‘ sands 
consist almost entirely of re-assorted Triassic sand and marl. 

^ ‘ The Greology of the Cotmtry aromid Belfast * Mem. G-eol. Surv. Ireland, 
1904. 
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The surface of the deposit is hummocky and mo I’ain e-like in 
contour, but this is probably due to the erosion of the sands by the 
powerful springs which arise in many places, and cut deep irregular 
A’^alleys. The sands are usually stratified, and contain many beds 
of laminated clay, which in some cases (as at Sti'anmillis) is used 
for the manufacture of bricks. 

Coai’se sands and gravels of the ordinary fluvio-glacial type occur 
higher up the A^alley in the neighbourhood of Lisburn. These are 
well exposed in gravel-pita west of that town ; and in one of these 
excavated in a mound near Causeway End, the following erratics 
occur : — basalt, Triassic sandstone, flint, chalk, reddish quartz- 
porphyiy, Carboniferous sandstone with veins of calcite, black 
limestone, syenite, vein-quartz, dolerite, glauconitic chalk, Tardree 
rhyolite, mica-schist, Silurian grit, quartzite, red granite (Tyrone), 
gneiss, fossil wood from the Lough-jSTeagh Clays, greenish-grey 
gabbro, Ailsa Craig eurite, and fragments of marine shells. 

The sands are i*ed, and obviously contain much Triassic material ; 
and nearly all the erratics have come from, the north. The pebbles 
of rhyolite from Tardree travelled across the Templepatriek area, 
and along the strip of country between Lough Neagh and the 
Belfast Hills, by way of Stoneyford. 

Farther west, in the neighbourhood of Moira and Soldierstown, 
ermtics from Tyrone are very common ; and this country lies 
within the area invaded by the western ice at a late stage of the 
glaciation. 

The Tyrone erratics include epidiorite, hornblende- syenite, Car- 
boniferous Limestone, coarse hornblende-diorite, white quartzite, 
and red quai'tz-porphyry, all of which can be matched from rocks 
occun’ing in the country north-west of a line drawn from 
Magherafelt to Six Mile Cross in County Tyrone. 

V. The Area betweejt Slieve G-allior- (Tyrore) 

ARD THE Belfast Valley. 

This is the basin of Lough Neagh, and is bounded on the 
west by Slieve Gallion (1735 feet; see map, fig. 5, p. ST6), which 
consists of granitoid rocks, crystalline schists, and Carboniferous 
sediments, surmounted by an outlier of Chalk, capped with 
Tertiary basalt; and by the high land south-west of it running 
by Fir Mountain (1193 feet), Oughtmore (1261 feet), through 
Pomeroy and Slievemore (1037 feet) to Slieve Beagli (1221 feet) ; 
finally, on the east by the basaltic Belfast Hills. 

This area was first invaded by the Fiitih-of- Clyde glacier, as is 
proved by the occurrence of Ailsa Cmig eurite in the drift deposits 
at the mouth of the Blackwater, at the extreme south-western 
corner of Lough Neagh, at Armagh, and at Monaghan. The pebbles 
of Ailsa Craig eurite are mingled in the deposits with many rocks 
from the Slieve Gallion axis, indicating that they are reman i^s 
from the deposits of the earlier glaciation, and have been incor- 
porated with the proceeds of the later extensive glaciation from 
the west. 

Q. J. G. S. No. 315. 2 r 
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How far the northern ice penetrated in this south-westerly 
direction it is at present impossible to say, so long and severe 
was the south-eastward ice-liow which followed that all traces 
beyond occasional erratic pebbles have been removed. For this 
reason the features which will now be described are those due 
to the western ice. 

Slieve G-allion (Ordnance Surve\% 1-inch ma]3, Sheets 20 &27 ; 
see also map, fig. 5) forms the eastern bulwark of a mass of high 
ground made up of an igneous and schistose complex, extending in 
a north-westerly direction to the Sperrin Mountains and south- 
westwards to Oarrickmore and Bei*agh. This mass of high ground 
will be designated the Tyrone Axis. 

The ridge of which Slieve Gallion forms the highest point is 
continued in a south-westerly direction by the summits of Fir 
Mountain (1193 feet O.D.) and Beleevnamore Mountain (1257 
feet), and north of this line of hills lies a great undulating 
plateau in which is the valley of The Six Towns. 

Up to a very late period of the glaciation this area was occupied 
by a large glacier which flowed north-eastwards over the site 
of Draperstown. That flow is indicated by the stxnations, by the 
transport of local material, and by the fine series of lateral 
moraines in the neighbourhood of Lough Fea. A very good example 
of ‘ crag and tail ’ is to be seen at Craigamullen, 2 miles west of 
Lough Fea, where boulders of the local pyroxenic rocks can be 
traced in enormous numbers north-east of the outcrop. 

This Six Towns G-lacier pushed tongues of ice through the 
valleys betw'een Slieve Gallion and Fir Mountain, and between Fir 
Mountain and Beleevnamore, wherefore frontal moraines of these 
lobes, produced during the retreat, form very conspicuous features 
near Lough Fea and at Wolfs Hills and Friars Rock. 

A hornblende-granite,^ which occurs sifzi near Lissan, has a 
very wide and peculiar distribution. It has been carried up the 
valley past Lough Fea, is present in considerable quantity in the 
moraines known as the Croekandun Hills, and a train of its 
boulders runs north-eastwards into the valley of the White Water. 
This indicates a movement of ice through the Lissan valley from 
south-east to north-west at an early stage ; but the frontal moraines 
mentioned above indicate a flow in the o^Dposite direction at a later 
period. 

There is no doubt that the ice north-west of the great ridge was 
confluent with that on the south-east at one stage, and ice niay 
well have flowed through the Lissan valley first in one dii’eotion, 
and then in the other, in response to varying thrusts, as one or 
other of the great glaciers was in the ascendancy. 

In addition to the distribution described above, the Lissan 
granite is to be found abundantly in the drift south-east and east 
of Slieve Gallion : for instance, at Moneymore, and on the shores 
of Lough Neagh at Ballyronan and Toome. 

^ Indicated on the Geological Survey map as ‘ syenite 

2 D 2 
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That the main flow of ice in the later stage of the glaciation, 
in the Mone^^more, Cooltstown, and Magherafelt area, was north- 
eastward is shown by abundant evidence, both in the transport of 
erratics and in the distribution of the overflow-channels. 

There are numerous small dry gaps, all falling north-eastwards, 
in the neighbourhood of Windy Castle, a spur of Slieve Gallion. 
The highest of these channels is at 1300 feet above Ordnance 
datum. 

At lower levels, between 200 and 400 feet, is a series of very 
broad channels, which were formed along the edge and probably 
near the termination of the much shrunken glacier at a later stage, 
when, however, the ice was still flowing northwards in this district. 
These channels are marked in fig. 5 (p. 376), and they are cut 
partly in the solid rocks of the district, and partly in drift. Often 
the outer side, away from the ice, is of rock, while the inner is 
of boulder-clay and gravel ; but the channels all have the typical 
form of glacial drainage-gaps, being deep, steep-sided, flat-floored, 
and altogether out of proportion to the streams wbicli now flow 
through them, many^ being actually streamless. 

The two largest of these channels are Carndaisy Glen and 
Gortanewry Glen. In addition to the drainage from the ice, the 
great gorge of Carndaisy Glen must have carried all the water 
from that part of Slieve Gallion which lies between Clagan Kock 
on the south-west and Carndaisy on the north-east: that is, the 
townlands of .Dirnan, Denyganard, Letteran, and Tintagh; and at 
one stage the same waters flowed through Gortanewry Glen, 
although at a later stage they escaped into the low ground in 
the neighbourhood of Pough Hill. All these channels were 
tributary to a very large northward-flowing stream which cut a 
broad channel, now occupied by the milway between Maghei'afelt 
and Moneymore, along the foot of the basalt escarpment. 

The basalt country between the railway and the western shore of 
Lough Neagh is covered by mounds of gravelly drift, and both the 
axes of the mounds and the striations on the basalt indicate a 
north-north-eastward flow. Over the whole of this area are scat- 
tered boulders of the Lissaii granite and other rocks from the 
Slieve Gallion complex, showing that the ice which passed over it 
came originally from the west, but was deflected northwards and 
north-eastwards. This deflection and its cause will receive further 
consideration later. 

The country between Moneymore and Cookstown is covered by 
mounds of gravelly drift containing abundant western erratics. 

In the latitude of Cookstown the Ballinderry River cuts through 
the basalt escarpment at Coagh, and flows by a narrow valley into 
Lough Neagh. I am of opinion that this gap in the escai-pment 
owes its origin to glacial drainage, although actual proof of this is 
not forthcoming. If this surmise he correct, the glacial waters 
would at this stage abandon the Moneymore-Magherafelt channel, 
and find exit by this shorter route to the lough. 
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The Oookstown and Dungannon Area. 

This area, esiDeeially in its southern j)art, is characterized hy 
enormous moraines, which are considered to be frontal moraines 
produced by the western ice during the period of its final retreat. 
There are also extensive spreads of cmrent-bedded sands and gravels. 

A large sand-pit in the town of Coalisland shows a deep section 
in stratified sands and gravels, which are somewhat contorted. The 
pebbles and boulders include schist, Hint, bm'nt hint, red sandstone, 
basalt, chalk. Carboniferous Dimestone, epidiorite (Tyrone Axis), 
and granites, also boulders of white Lough-Xeagh Claj^s, with 
numerous masses of silicitied wood derived from the same deposit. 

Dungannon stands on one of the great series of moraines above 
mentioned, and at the Tyrone Brickworks (about a mile and a half 
noi*th of the town) is a section that shows blue and red boulder- 
clay overlying red stratified claj^ and sand Avhich contain ironstone- 
nodules and lignite from the Lough-Neagh Clays, the outcrop of 
which lies east of the section. 

The boulder-clay contains much Carboniferous sliale (local), big 
and well-striated boulders of Carboniferous Limestone, Tyrone 
diorites and epidiorites, schist and granites, and a porphyrite from 
the same region on the W'est. The lower deposit of stratified sand 
and cla}^ with its material derived from the Lough-Xeagh Clays 
on the north-east, appears to be a relic of the glaciation by the 
Scottish ice ; while the bouldei’-clay above was undoubtedly pi*o- 
duced by the later flow from the west. 

West of Dungannon, as the hilly country is approached, the 
moraines become still more conspicuous, the largest in the district 
being that running through Mullaghhane (2| miles south of 
Casfclecaulfiekl), Castlecaulfield, and Donaghraore, to the neighbour- 
hood of Cookstowii. West of this line the moraines can be seen, 
rank behind rank, for several miles. They consist almost entirely 
of material from the west ; but at seveml localities, as, for example, 
in a quany opposite the castle at Castlecaulfield, a purplish boulder- 
clay contains, in addition to the western rocks, numerous pebbles 
of flint which can only have been derived from the country on 
the north-east, again indicating the passage of the Scottish ice 
over this area. Xumerous angular boulders of basalt, similar to 
the Tertiary rocks of the Antrim Plateau, also occur in this pit ; 
but theii* angularity indicates, in all probability, their origin from 
some local dyke. 

The Country south of Lough Xeagh. 

South and south-west of Lough Xeagh is a large tract of land 
lying below the 100-foot contour, and occupied by peaty and 
swampy flats. From the peaty flats emerge many drumlin-like 
masses of glacial deposits, clnefly boulder-clay, but with patches of 
morainic gravels, as at Hunts Corner, Maghery, and Charlestown. 

When examined on the ground, these mounds are seen to possess 
a roughly linear arrangement, the lines running approximately 
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north and south, and a careful study of them has led me to the 
conclusion (in which Mr. W. B. Wright, who visited a portion of 
this country in my company, concurs) that they represent frontal 
moraines similar to, though of less magnitude than, those of the 
Dungannon-Castleeaulfielcl area. 

The gravels contain purple porph^aates, diorites, red granite and 
quartz- porphyry, schist and gneiss, all from the Tyrone Axis ; 
limestojLie yielding Lifhostrotion, red limestone, red sandstone, 
flint, burnt flint, chalk, ironstone-nodules from the Lough-JSTeagh 
Clay (local) ; and Ailsa Craig eurite. Here again is evidence of 
the earlier glaciation from the noi*th-east, followed by that from 
the west. 

Still farther south, on the rising ground near the city of Armagh 
and the village of Rich Hill, these morainic accumulations are 
still more cons^^icuous, and the country from Markethill to Tan- 
deragee is of similar character. 


The Area east of Lough Neagh. 

It has already been mentioned (p. 375) that in the neighbour- 
hood of Moira and Soldierstown are to be found boulders of rocks 
from the Tyrone Axis, and these can be traced for some distance 
north-eastwards ; but they appear to be absent beyond a line drawn 
from the mouth of the Crumlin River through Glenav}^ to Lishurn. 

The shores of Lough Neagh are in many i)laces covered with 
shingle, the pebbles of which have been derived from the local 
drifts, which sometimes form low cliffs bordering the beach. These 
beaches make excellent collecting-grounds for the study of the con- 
tents of the drift-de]posits, and careful examination has failed to 
reveal a single pebble of the Tyrone rocks, so common farther 
south, on the lough side from Moore’s Quay northwards by Ardmore 
Point, Dunore Point, and Antrim Hay ; indeed, it is not until the 
neighbourhood of Randalstown is reached that they again appear. 

At Dunore Point the shingle consists almost entirely of basalt ; 
but thei'e are a few small pebbles of chalk, flint, rhyolite, quartzite, 
and vein-quartz, also Ailsa Craig eurite. Tyrone rocks are absent. 

The Scottish ice has already (p. 374) been traced inland from 
the neighbourhood of Larne by Ballynure and Ballyclare, and this 
glacier moving in a south-westerly direction extended to the 
Belfast Hills. 

Striations on basalt about 2 miles south of Templepatrick run 
south 25° west, and another set on Armsti'ong’s Hill, a spur of 
Divis, from east to west. 

On the summit of Divis (1567 feet O.D.) there is little or no 
drift, hut small angular flints are to be found right uj) to the 
cairn. These flints can only have been derived from the Chalk 
outcrops near the foot of the eastern basalt-escarpment, some 
700 feet lower, and about a mile away to the north-east; they 
indicate that the summit was overifldden at the period of maximum 
extension of the Fxrth-of- Clyde glacier. Flint-pebbles are also 
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common on the col between Divis and Wolf Hill, at a level of 
1100 feet. 

Cave Hill, the bold escarpment of basalt which overlooks Belfast, 
must also have been covered dm-ing the period of maximum deve- 
lopment, as were Squires Hill and the long ridge which runs from 
it in a north -westerly direction by Mcllwhans (1128 feet) and 
Boghil (917 feet) to Lyles Hill (747 feet). This ridge is cut 
through by several dry gaps, which carried off the drainage from 
the ice-front at a late period of its retreat, and the northern spur 
of Mcllwhans is cut by three such channels. 

The valley between Cave Hill and Kiiockaglr contains great 
quantities of boulder-clay, characterized by the presence of the local 
basalt with chalk, flint, and various Scottish rocks (including Ailsa- 
Craig eurite). 

The district between Templepatrick and Antrim is covered with 
boulder-clay containing basalt, flint, and Ailsa Cmig eurite ; to 
these are now added numerous pebbles of the Tertiaiy rhyolite, 
of which there is a large outcrop on the north-east in the 
neighbourhood of Tardree Mountain, and a smaller one at 
Templepatrick . 

Besting upon the bouldei'-clay and in places on the basalt are 
great mounds and sheets of stratified and current-bedded sands and 
gravels. These are 'well seen in section in the large ballast-pits 
on the side of the railway, a mile south-east of Antrim Station. 
Here the section is 30 feet deep in sands and gravels, with thin 
beds of clay. The deposits are stmtified and current-bedded, but 
the stratification is somewhat confused. The large size of many 
of the boulders shows that the waters which transpoi'ted the 
materials must have possessed great power. 

The big boulders are principally of basalt and rhyolite, the latter 
being present in considemble quantity. There are also fairly large 
pieces of chalk and flint. The small pebbles include basalt, rhyo- 
lite, chalk, flint, lithomarge, silicified wood, Silurian grit, and 
Ailsa Craig eurite. 

A careful examination of these extensive sections failed to reveal 
any rocks from the Tyrone Axis. 

Immediately south of the area Just described lies an undulating 
tract of basaltic country, in places heavily covered with boulder- 
clay and gravels which, however, thin out frequently on the higher 
gi’ound, where the covering is scanty or the basalt actually comes 
to the surface. 

Fine sections of boulder-clay are exposed along the com'se of the 
Clady Water, a stream that rises on the slopes of Divis, and flows 
north-westwards to the Six Mile Water, which it Joins at Dunadry. 

Near Clady Bridge are several sections in red houlder-clay, which 
is at least 30 feet thick, and contains only basalt, chalk, and flint. 
On the G-eological Survey map this area is described as basaltic 
houldei'-elay on chalky houlder-clay ; hut I have been unable to 
find any trace of the tipper boulder-clay without chalk in any of 
these sections. 
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About 2 miles west of Clady Bridge the road crosses a well- 
marked glacial drainage-channel, which is marked on the Geological 
Survey map of the Belfast district. It is deep and wide, with 
steep sides and a flat floor, and doubtless carried the drainage from 
the ice-front at a period slightly preceding the retreat to the line 
Squires Hill-Lyles Hill (previously mentioned on p. 381). The 
stream now flowing through this channel is very small. 

Deposits similar to those last described cover the country on the 
south as far as the neighbourhood of the railway fi*om Glenavy to 
Lisburn, where the rocks from the Tyrone Axis coiiie in (see 
p. 375). 

The Northern Shore of Lough Neagh. 

It has already been stated that the drift-derived shingle on the 
shores of Antrim Bay is devoid of rocks from the T^u'one Axis ; but 
in the neighbourhood of Shanes Castle and Randalstown they make 
their appearance in force. 

A section at the works of the Old Bleach Linen Company at 
Bandalstown shows reddish-brown boulder-clay 20 feet thick, con- 
taining boulders of basalt, Carboniferous sandstone, Carboniferous 
Limestone, diorite, a, coarse pyroxenic rock, epidiorite, a bright-red 
granite, boxstones (ii’onstone from the Carboniferous rocks), }pink 
quartz-porphyry, and mica-schist (all from the Tyrone Axis and 
the country west of Dungannon and Cookstown), as well as flint 
and vein-quartz. I found no Scottish rocks in this section, and the 
Tardree rhyolites also appear to be absent. 

Similar boulder-clay is seen in a stream-section on the road from 
Itandalstown to Cookstown Junction, a mile east of the former 
place ; and Tyrone rocks occur as isolated boulders on the roadside 
to withiia half a mile of Cookstown Junction Station. 

When we cross the main line of the Midland Kailway from 
Antrim to Ballymena, the Tyrone rocks are no longer to be found ; 
but very large boulders of basalt and dolerite occur in the village 
of Farranflugh, half a mile east of the line, and the Tardree 
rhyolites are also present. 

The line of railway here marks the eastward limit of the western 
ice, but not the western limit of the Scottish sheet, as Ailsa-Ci’aig 
eurite is found in small quantities much farther west ; for example, 
Mr. Kobert Bell has recorded it at Drumanewy, 2 miles west 
of Kandalstown. In this, and in many other cases, the Ailsa- 
Craig rock is associated with Tyrone and other western rocks, and 
is considered to be reman ie from the deposits of the eailier 
Scottish glaciation. 

As we follow the northern coast of Lough Neagh westwards from 
the mouth of the Kiver Main, near Shanes Castle, brown boulder- 
clay is seen at intervals along the foreshore, and, as at Portlee, 
Tyrone rocks are present. 

In the hay west of Conn’s Point is a clilf of basalt capped by 
red sandy bouldez'-clay, which contains boulders of basalt, schist, 
diorite, vein- quartz, and quai’tzite. 
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In the neighbourhood of The Three Islands is an extensive 
striated surface of basalt, on which the striae mn in several 
different directions: namely, south to north, south-south-east to 
north - north - west, and south - south - west to north-north-east. 
Those from south-south-east to north-north -west cross, and in 
some cases obliterate the others, thus representing the latest move- 
ment. Other striated surfaces with striae running in the same 
geneml directions occur at Gawley’s Bay, Pullan Bay, and Doss 
Bay farther west. 

At Pullan Bay are many big boulders on the beach, and these 
include basalt (local), gi’anite (Slieve Gallion), diorite, pyroxene- 
rock, red gi’anite, schist, andesite, and gneiss (all from Tyrone), 
and also chalk, flint, and vein-quartz. The beach is bounded by 
low cliffs of bi'own boulder-clay, which also occurs in situ on the 
shore ; and it was from this deposit that the large boulders Avere 
derived. 

A mile north of Staff ordstown Station, in the same area, occur 
boulders of basalt, pink quartz- porphyry, andesite, pyroxene-rock, 
chalk, and flint, all derivable from the south-west, 

VI. The Central Depression north of Lough Neagh. 

[a) The Valley of the Lower Bann (map^ fig. 6). 

In order to follow the later glaciation of this area it will be 
necessary first to consider the deposits and dminage-channels 
in the country north of Slieve Gallion, and in the neighbour- 
hood of Draperstown, Maghemfelt, CastledaAvson, and Maghem 
(figs. 5 <& 6, pp. 376 & 384). 1 This is a low-lying basin drained 
by tlie Mo 3 ’’ola Kiver and its tributaries, and I saw at once, on 
visiting the area, that it had been covered by ice from the south 
and south-east. 

It has already been noted that a great glacier flowed in a north- 
easterly direction from the valley of The Six Towns and the high 
ground north-west of Slieve Gallion, also that ice flowed in a 
northerly direction along the eastern face of Slieve Gallion, over 
the country between Moneymore and Magberafelt. 

^ It was obvious on the ground that the ice- flow from the direction 
of The Six Towns, and from Glenelly and the countiy on the west, 
had been extremely powerful, and my first investigations in this 
district were undertaken with the view of ascertaining, if possible, 
the height which the ice of this stream had reached on the hills 
north-west of the Draperstown basin. Little information could he 
gained on this subject from Slieve Gallion (1735 feet O.D.) except 
the fact that that mountain had been completely overridden. 

North and west of Draperstown are several passes leading over 

^ In fig. 6 the place-name * Granaghan Hill ’ should appear on the hill 
immediately north of that on which it is erroneously indicate : that is, nearer 
SAvatragh. 
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the chain of the Sperrins and the elevated edge of the basalt- 
plateau into the valley of the Itoe and the Lough Foyle depression, 
and an investigation of these seemed to promise a solution of the 
problem. 

Prof. Charleswortli had informed me that there was an over- 
flow-channel at a height of 870 feet, leading over from the head of 
Glenelly into the headwaters of the Glengomna Water, a tributary 
of the Moyola ; I subsequently found that the col between Crock- 
brack (1735 feet) and Craigbane was cut by a dry gaj^ falling 
north-eastwards at a level of 1250 feet, and that the drift-deposits 
extend up to the 1250-foot contour-line on the sides of Craigbane. 

There are two roads leading over the col between Mullaglimore 
(1825 feet) and Spelhoagh (1875 feet), the western one into the 
valley of the Finglen liiver, and the eastern by Barony Bridge 
(1176 feet) to Dungiven. The col is thickly covered with brownish 
sand^’’ drift, containing masses of Carboniferous conglomerate, 
schist, and vein -quartz, all of local origin. 

At a height of 1000 feet on the south side of the i^ass, the 
Altallack liiver cuts through a great moraine ; and at about 1150 
feet above O.D., between Barony Bridge and Labbyheige Bridge, is 
another moraine, which consists of material derived from the south 
and south-west. 

These facts indicate that the ice stood sufficiently high to over- 
ride the col between the heads of the Altallack and Altnaheglish 
liivers. This col is also cut by an enormous overflow-channel 
which falls north-westwards, and is streamless. There are, more- 
over, great morainic accumulations on the western road near 
Glenedra Lodge, at a height of about 1100 feet. 

On the southern face of the spur of Spelhoagh, connecting that 
mountain with Cmigagh Hill, is a large corrie with precipitous 
cli:ffs, the summit of which stands at about 1500 feet above 
Ordnance datum. These clifEs are cut by two large dry gaps, 
which are continued by very broad dry channels down the northern 
slope of the spur into the valley of the Glenedi'a Water. 

It is thus evident that the ice at one period stood against the 
southern flanks of Oughtmore and Sj>elhoagli at a level of at least 
1500 feet ; and, as this would give an ample force to account for 
the phenomena which I had observed in other parts of the country, 
and as I was now within Prof. Charles worth’s territory, I did not 
pursue these investigations any farther. 

As has already been stated, Slieve Gallion was completely over- 
ridden at the maximum extension of the ice ; but at a later stage 
it was a nunatak dividing the ice of The Six Towns Glacier from 
that of the Moneymore Valley. Both these streams were moving 
northwards, and they became confluent at the northei'ii end of 
Slieve Gallion, where enormous masses of mominic material, form- 
ing a triangle with its apex towards the north, were accumuhited. 
This morainic material rests upon a tough red boulder-clay con- 
taining rocks from the Slieve Gallion area, and extends fxum 
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JBelinount Hill (377 feet) soiitliwards across the Draperstown 
Kailway to the neighbourhood of Baveagh. 

The striations on Brackagh Slieve Gallion, on Drumbilly Hill, 
north-west of Desertmartin, in the area south of Magherafelt, and 
on the northern shores of Lough Neagh, all indicate a movement 
of ice in a north-north-easterly direction down the valley of the 
Lower Bann, and the course of this glacier will now be traced 
towards the northern sea. Its width extended from the basaltic 
hills Ooolnasillagh Mountain (1340 feet) and Carntogher (1521 
feet) on the west, over the valley of the Bann at Portglenone 
and the high ground east of it, into the neighbourhood of Ahoghill 
and Grace Hill in the valley of the Kiver Main, where it was 
conHuent with Scottish ice from the valleys east and north-east of 
Ballymena, which it was powerful enough to deflect northwards. 

The western margin of the Bann Glacier, and its deposits in the 
valley of the Bann will first be considered. The marginal pheno- 
mena are best seen on the basaltic spurs which project eastwards 
from the left slope of the valley. 

Whether the ice passed over the summit of Coolnasillagh there 
is no direct evidence to show ; but, if we judge from the direction 
of the striations, south-south- west to north-north -east, near Sheskin 
Bridge in Glenshane Pass, this seems highly probable. 

That an ice-lobe penetrated the pass from the south-east is indi- 
cated by accumulations of gravelly drift and the existence of two 
overflow-channels, one on the line of the pass at 946 feet, and the 
other noidih of Crockcor at an altitude of slightly over 1000 feet. 
These channels both fall noi'th-’westwards, and terminate at about 
860 feet in Glenshane, at which level there are large spreads of 
gravel that probably mark the level of a glacier-lake. 

The first of the basaltic spurs mentioned above is that north of 
the valley carrying the road from Maghera to Glenshane Pass, and 
between it and the Pullan Water. It is cut through by a number 
of channels, the most marked of these being at 560, 480, 380, 320, 
and 280 feet respectively. They all fall northw^ards, and took the 
overflow of a lake impounded between the ice and the spur, at 
successive stages of the retreat. The largest of the channels is 
that at the 380-foot level, which contains Hillelagh Lough. This 
channel is cut in basalt, is 100 feet wide, and lias a flat floor. The 
lough is on the watershed which is at the southern end of the 
channel, and small streams flow from both ends of the lough. 

Banning parallel to the road, fx*om Maghera to Swatragh is a 
lateral moraine of considerable size, which lies between the road 
and the end of the spur. 

The next ridge in succession is a spur of Carntogher, and the ice 
impounded a lake in the valley in which Carntogher House stands, 
between it and the spur previously mentioned. The valley con- 
tains much dark brown boulder-clay, in which there are several 
stream-sections, containing many small boulders of schist, vein- 
quartz, and basalt, with occasional fragments of flint : this 
material is all local. The drift extends up the Pullan Water to 
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a height of about 1100 feet, above which the mountain is thickly 
covered with peat. 

The Carntogher spur is out a large number of channels, some 
of which are well marked and fall northwards. This spur consists 
of Tertiary basalt, and the fact that the ice passed over it is 
proved by the occurrence of boulders of schist up to an altitude of 
1000 feet. A new road for the conveyance of peat has been cut 
along the crest of the spur, and this provides an opportunity of 
examining the drift which occurs in pockets beneath the peat : it 
contains basalt, schist, and flint. 

The strongly marked channels, as mentioned above, fall north- 
wards ; but there are also many others, partly obliteiuted, which 
fall in a southerly direction, and may possibly be traces of the first 
glaciation of the valley by the Scottish ice. 

The principal northward-falling channels are at 820 feet (in 
which are boulders of Slieve Gallion granite), 700 feet, 580 feet, 
and a veiy large channel with a number of branches at its head at 
about 4 jS 0 feet. This last lies west of Granaghan Hill, formed by a 
massive sill of dolerite which is strongly jointed, and has been torn 
up b}" the ice, the loose blocks being scattered by thousands over 
the country on the north. This and several other smaller examples 
of ‘crag and tail’ indicate that the latest movement was from 
south to north ; but this area is somewhat perplexing, as many of 
the rocks have the appearance of being moutonne from the 
north. That circumstance, taken in conjunction with the south- 
ward-falling channels mentioned above, leads me to suppose that 
we have here some traces of the earlier glaciation from the north 
which have not been entirely oblitemted. 

On the line of the Maghem-Swatragh road which passes the 
end of the spur are several drumlin-like mounds : these I take to 
be the continuation of the lateml moraine mentioned on p. 386. 

The next spur to he considei’ed is that running in a north-easterly 
direction from Coolcosereagban (1242 feet), on which there are 
two channels above Dowlins Bridge at about 830 and 820 feet 
respectively ; also a more strongly-marked one at 750 feet, which 
cuts several .gorges in the Dalradian schists, and is streamless. 
These all fall northwards. 

On the lower portions of this spur are other channels; but these 
are rendered difficult of interpretation by vast accumulations of 
morainic material, forming a series of parallel ridges which run 
north and south. As they are traced northwards, these ridges 
coalesce to form a gigantic lateral moraine, which crosses the 
valley of the Agivey Biver, 

The poi*tion of the Agivey Talley above the town of Garvagh 
occupies a basin-shaped hollow, bounded on the south by Coolcos- 
ereagban, Ashlamaduffi Hill, Cam Hill, and Benbradagh ; and on 
the north by Gortnamoya Hill, and its spur which terminates in 
Rabbit Hill at Garvagh. The weste^m end of the basin is partly 
closed by a basaltic ridge, which forms part of the great western 
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escarpment, and rises into summits at 893, 900, and 956 feet 
respectively. 

North and south of this ridge are passes leading over into the 
Koe Yalley, and each of these carries a glacial drainage-channel 
terminating westwards in a dry waterfall, below which is a short 
gorge. These ai*e locally known as ‘pots’; the northern one is at 
Pot Bridge and is called Legavannon Pot, while the southern one 
is called Legananam Pot. These ‘pots’ undoubtedly took the 
drainage of a lake temporarily held up in the Agivey Basin by the 
ice of the Banii Yalley. 

The floor of the Agive}^ Basin lies between the 400- and the 
500-foot contours, and is intersected by several lines of moraine 
which are partly buried by peat and alluvium. These 1 take to he 
lateral moraines of the Bann Yalley G-lacier, and I believe that they 
belong to the same series as that which will now be described. 

The lower end of the basin is closed by a great lateral moraine 
of the Bann Yalley Glacier which stretches from the spur of Cool- 
coscreaghan on the south to the high land west of Garvagh on the 
north. The river has been forced over to the northern side of the 
valley, and escapes by a gorge 100 feet deep cut through basalt. 

There is a section in the moraine on the right bank of the river, 
immediately below Errigal Bridge, which shows brown sandy drift 
resting upon basalt ; and in gravel-pits close by similar material is 
exposed, containing basalt, schist, flint, vein-quartz, and a coarse 
dioritie rock from the Tyrone Axis. The sand is very ‘ dirty’, and 
there is some laminated clay without stones. 

The western (outer) face of the moraine is very steep, and about 
100 feet high, and a small stream flows northwards through the 
flat ground at its foot to ioin the Agivey immediatelv above 
Eri-igal Bridge. 

The morainic belt is about a mile wide, and at its inner edge 
near Lower Magheramore is a large gravel-pit, showing a section 
30 feet deep in gravels which dip south-westwards. The materials 
are similar to those of the great moraine, and include basalt, iron- 
stone, schist, white granite, vein-quartz, and Slieve Gallion granite. 

Near the head of the Agivey Basin, on its soutliern side, are 
long gentle slopes leading up to Oarn Hill and Benhradagh. 
These slopes include the townlands of Brishey, Evishagaran, and 
Cruckanim, and are heavily covez’ed with drift, sections of which 
are exposed in numerous stream-courses. The drift consists of red 
houlder-clay below and gravels above. The material is all such as 
could he derived from the immediate neighbourhood. 

The streams contain only hasalt-houlders in their upper parts, 
hut some of schist appear lower down, as soon as the schist outcrop 
has been reached. The ice which brought this material must have 
come from the south-west, but whether from the ridge itself or 
from the country beyond, I was unable to ascertain. 

In the valley of the Gelvin Biver below Legananam Pot, there is 
an extensive lake-terrace at 500 feet O.D,, consisting of i-ed sandy 
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sti'atified drift in which the stream has cut several sections. 
There is also an upper terrace at 700 feet a quarter of a mile south- 
west of the ^ pot,’ and this bears on its surface a small moraine- 
like ridge. These features belong to the area investigated by 
Prof. J. Iv. Charlesworth, and their explanation rests with him. 

The country between Garvagh and Kilrea is deeply drift-covered, 
the material lying in irregular mounds strongly suggesting 
morainic country ; but in several places, as at Moneydig Hill, long 
ridges are produced by the outcrops of dolerite-sills in the Tertiary 
basaltic series. Streams have cut deep valleys in the drift in many 
places, and some of these are out of proportion to the present 
drainage, as at Grove Bridge, 4 miles west of Kilrea. The valleys 
fall northwai^s, and were probably excavated by water flowing 
away from the melting ice-fi*ont during the i>eriod of retreat. 

Another of these valleys lies at the foot of the western face 
of the dolerite escarpment at Moneydig Hill. 

At Kilrea are several large gravel-pits, and in one of these near 
the railway, where the road from Garvagh enters the town, is a 
section about 25 feet deep. The gravels contain much basalt with 
smaller quantities of schist and vein-quartz, as well as some flint 
and chalk, lithomarge, horn bleu de-diorite, and red granite from 
the Tyrone Axis. I also found several pebbles of Ailsa Craig eurite. 
In the lower part of the section the gravels are strongly current- 
hedded, the dip of the laminae being northward ; while in the upper 
part they are horizontal!}”, though somewhat roughly stratified. 
There is a capping of brown boulder-clay with few stones above 
the gz’avel at the southern end of the pit ; while occasional beds 
of very fine gravel, some of which are black with basaltic debris, 
others clear yellow, occur in the current-bedded portion of the 
coarse gravels. 

Another gravel-pit is to be seen near the river-bank on the 
Kilrea side of Port Neal Bridge. The bedding is confused, the 
gravels are distinctly morainic in character, and beds of sand occur 
in the section, which is 30 feet deep. The contents of the gravels 
are similar to those of the larger pit previously described. 

The country on the right bank of the Bami opposite Kilrea is 
covered with mounds of gravelly drift similar to that just described, 
and on the flanks of Loan Hill (600 feet) between Poi-tglenone and 
Hyndstown are many large mounds of drift between the 400- and 
the 500-foot contom’s; these are continued northwards to the 
neighboui'hood of Basharkin, and are of the nature of a lateral 
moraine. 

North of TuUy (668 feet O.D.) is a broad streamless channel at 
520 feet, falling north-westwards, and striae on the basalt close 
by run in the same direction. The boulders in this part of the 
area are chiefly of basalt, but there are also some from the Tyrone 
Axis. 

The country south of Kibea is distinctly morainic in character, 
and there are numerous small lakes and swamps, some of which'* 
occupy kettle-holes. 
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The Country north of Garvagh. 

On the flanks of Gortnainoya Hill is a thin coating of brown 
gravelly drift containing basalt, schist, vein-quartz, Tyrone gabbro, 
and diorite; and on the col three-quarters of a mile south of 
Coolnasiilagh Bridge similar material occurs in mounds w^hich run 
north and south. There is no drainage-channel visible on this col, 
but thick peat is present. 

The great lateml moraine wliich crosses the Agivey Itiver is 
continued northwards by a series of detached drift-mounds of druin- 
linoid form, as, for instance, that at Hill of Bolerain, 3 miles 
north-west of Garvagh, and that on which stands the Homan 
Catholic Chapel between Bolerain and Lower Belraugh. 

There are wide drain age- channels east and west of the latter 
hill, both being cut in basalt and falling northwards into the valley 
of the tributary of the Aghadowe}^ Hiver, which flows under 
Boleram Bridge. In the Aghadowey Hiver itself, both above and 
below Shanlongford Bridge, are sections in brown boulder-clay 
and coarse gravels containing basalt, hornblende-schist, rotten 
mica-schist (common), vein -quartz, quartzite, red Carboniferous 
sandstone, red ironstone (Slieve Gallion), and red granite and 
hornblende-diorite from the Tyrone Axis. Many of these boulders 
are more than a foot long. 

At Hingsend is a well-marked channel, at 360 feet O.D., cut in 
basalt and falling northwards, west of the Presbyterian Church, 
and a smaller one at 450 feet west of Priests Castle. 

Immediately north of Cashel Bridge is a road-cutting in basalt 
without drift. 

Three ISfook Glen is another streamless channel cut in basalt 
and falling northwards ; it is at a height of 3S0 feet. A similar 
channel is seen on the west of the road, having its intake at Leek 
Oi^ange Hall, at 430 feet; and another at Lower Cam, half a mile 
farther west, at 460 feet, both falling northwai'ds into the valley 
of the Shinny Water, A further channel at 480 feet, at Shinny 
Bridge, connects the valley of the Shinny Water with that of 
Hoaring Burn, a tributary of the Macosquin Hiver. 

At The Pass, 5 miles west of Coleraine, is a shallow flat-floored 
valley connecting the valley of the Macosquin Hiver with that of 
the Articlave Hiver on the north. This is at a height of 370 feet, 
and is almost level. The floor is flat and swampy, and, although 
the present diminutive stream flows northwards, it is difficult to say 
whether the glacial drainage went northwards or southwards. 

The col south of Windy Hill (820 feet O.D.) is cut by a deep 
channel, which connects the basin of the Macosquin Hiver with 
that of Lough Foyle on the west. This channel, which is stream- 
less, is about 35 feet deep, and has a flat floor: it is known as 
The Murder Hole. The bottom of the channel is practically level, 
and I am very doubtful as to the dix’ection in which the glacial 
waters drained. 

Half a mile away to the south is another col in a similar 
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situation. This is covered with a thick deposit of peat, and, if 
this were removed, the col would be below the level of The Mui'der 
Hole. 

At Macosquin the drift is thin, the basalt coming to the suHace 
in many places. In a thin gravel consisting ehietly of basalt 
I found a pebble of Ailsa Craig eurite, and one of gabbro from 
the Tyrone Axis. 

A quarter of a mile north-east of Macosquin, near Coleraine, lies 
a mound of stratified gravel containing basalt, schist, quartzite, 
and a fine-grained granite, and 1 mile from Macosquin on the 
same road are two channels falling southwards. The Blackburn 
occupies the eastern one, bowing from an open peaty flat on the 
north, through the narrow’ valley at Blackburn Bridge, into the 
open valley of the Macosquin Biver. 

In the sandpits near Coleraine Station the following rocks 
occur : — diorite, hornblende-granite, syenite, red granite, red 
quartz-porphyry, and mica-schist, all from the Tyrone Axis, also 
Ailsa Craig eurite, several varieties of pink granite (probably 
Scottish), and chalk and flint. The tw’o last-named constituents 
are present in large quantity, and were derived from the neigh- 
bourhood of Portrush on the north. 

Hoar Macfin Station. 5 miles south-east of Coleraine, and on 
the hank of the Iliver Bann, is a gravel-pit in wdiich the following 
section is exposed : — 

TMclcness in feet. 


Horizontally stratified yellow sands 6 

Gravel 4 

Pine sandy gravel, strongly current-bedded, with 

many pebbles of basalt (base not exposed) ... 15 


The current-bedding dips in a direction vaiying from east to 
south-east. 

In addition to the basalt which forms the bulk of the gi’avelly 
material, j)ink hornblende-granite, coarse red muscovite-granite, 
mica-schist, red sandstone, Silurian grit, vein-quaidiz, iron-ore 
(Tertiary), burnt flint, banded chalcedony, flint, and Ailsa- Craig 
eurite occur. All these rocks are such as could be derived from 
the north-east or north, there are no big boulders, and the materials 
are all water-borne. 

The floor of the gravel-pit is some 50 feet above the level of the 
river, and forms part of a steep bank. The top of the deposit is 
flat, and defines a terrace which is continued on the opposite hank 
of the Bann. It should be noted that the valley of the Bann 
narrows suddenly at this point, half a mile below the railw^ay 
viaduct, and that this narrowing coincides with the first appear- 
ance of a typically northern drift. I consider this terrace to be 
an outwash fan from the Scottish ice, at a time when the morainic 
deposits of Brummaquill, Ballymoney, and Armoy (previously 
described) were being laid down. 
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(^b) The Valley of the River jNiaiu. 

It will be convenient to begin the description of the deposits in 
this valley at its southern end, as the latest movement of the ice 
was from south to north. 

It has already been pointed out that in the Randalstown-Cooks- 
town Junction area the Tyrone rocks disappear from the drift 
about the line of the Midland Railway (main line), and in the 
district on the north they are confined to a narrow strip on the 
western side of the valley of the River Main, Thus, at Ahoghill, 
the boulders (though chiefly of the local basalt) include a few 
diorites and mica-schists from the Tyrone Axis. 

On the old road between Galgorm and Ballymena, in the heaps 
of boulders picked from the neighbouring fields, only basalt and 
one fragment of chalk were found ; and in a brickworks alongside 
the railway, half a mile south of Ballymena Station, in a very large 
collection of bouldei’s I found only basalt, Silurian grit, vein- 
quartz, flint, and rhyolite. 

North of Ballymena, and lying between the town and Berk Hill 
(506 feet), is an area covered by mounds of glacial gravel ; in this 
are numerous extensive sand- and gravel-pits giving excellent 
opportunities for determining the origin of the materials. In none 
of these pits was I able to find any rocks from the Tyi'one area. 

A point of considerable interest is tbe transport of fragments 
of the local rhyolites of Quai'rytown and Kirkinriola to the west of 
their outcrops, which must have been caused by the Scottish ieo 
descending the valleys of the Braid and Clogh rivers. 

As examples of these gravels, a description of the pits in two 
localities will suffice. 

On the right of the main road from Ballymena to Ballymoney, 
and 2 miles from the former locality, are two large pits worked for 
sand and gravel. In the southernmost of the pits tlie material is 
strongly ourrent-hedded, and the gravel, which is 12 feet thick and 
waterworn, rests upon the sand. There are beds and patches of 
extremely fine gmvel consisting almost entirely of basaltic debris, 
but with numei'ous grains of white quartz in the sandy layers. 
The sand dips north-westwards at 5°, and is intei*sected by numerous 
small faults with throws varying from 3 to inches. The coarse 
gravel consists chiefly of basalt, but also contains Tertiary quartz- 
rhyolite, bluish in colour (Kirkinriola type), flint, chalk, and Ailsa- 
Craig eurite. 

In the northern pit the gravels are of considerably coarser texture, 
and contain many large boulders. They are roughly stratified, but 
not current-bedded. Here again basalt is predominant, the erratics 
being Tertiary rhyolite, flint, chalk, a basalt with porphyritic 
felspars, olivine-dolerite of Sliemish Mountain, and quartzite. 

Nearer the main road is a deposit of stratified sand at a lower 
level than, and apparently passing beneath, the gravels. 

At Brumbane, on the road between Ballymena and Clogh, are 
several pits in sand and gravel, with thin beds of red sandy boulder- 
»elay. Many of the beds of sand are black, and consist of basaltic 
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debris. The gravels are brown, and rest upon the stratified sands. 
They contain chiefly" basalt-boulders, many of which near the top 
of the section are very large, and smaller pieces of chalk, flint, 
red iron-ore (Tertiary), and chalcedony. The fluidal rhyolite of 
the Quarrytown type is plentiful. The gravel forms a mound, 
and the section is 1 o feet dee];). 

In a large pit 500 yards south of the last-mentioned is a section 
■of similar sand and gmvel, in which the bedding is extremely 
irregular and contorted. It is current-bedded in pai'ts, and the 
current- bedding dips in directions varying between west and north- 
west. There is a thin bed of buttery clay at the base of a mass 
of contorted sand. The clay shows slick ensides, and apparently 
formed a gliding plane within the mass. 

The siii*faee of this area is undoubtedly morainic in chamcter, 
bearing numerous irregular mounds, and a distinct moraine crosses 
the main road north of Moattown. 

Between Ballymena and Broughshane the Braid Biver and its 
tributary the Bevenagh Burn flow through an extensive flat con- 
sisting of basaltic gravels ; while immediately above Broughshane 
t)he valley of the Braid is much contracted, owing to a moraine- 
like ridge w’hieh runs at right angles to the river, and separates the 
valley of the Bevenagh Burn from that of the Creevamoy Burn. 

In the neighbourhood of Buckna, and between that village and 
The Sheddings, are innumerable basalt-boulders and occasional 
fragments of chalk and flint, doubtless derived from G-lenann. 

The north-western face of Siiemish Mountain bears several 
■striated surfaces of basalt, the stilse indicating a flow in a south- 
westerly direction. Flint-pebbles occur up to 750 feet on the 
northern face of Siiemish. 

Siiemish Mountain (1437 feet) is a steep-sided cone formed by 
a neck of olivine-dolerite, and is visible from nearly all the summits 
in Antrim, Londonderry, Tyrone, and Bown. The view^ from the 
top is very striking and extensive, and from it can be made a 
rstudy of the general trend of the drumlins and other mounds of 
glacial material in the surrounding country. 

In the upper part of the Braid Yalley the axes of the mounds 
frend fi*om north-east to south-west, that is pamllel with the 
valley ; but in the neighbourhood of Broughshane and Ballymena 
they curve round towards the north-west. These directions are 
indicated, to some extent, by the eontoui*-lines on the 1-inch map ; 
but the feature is much more striking when viewed from the top 
•of Siiemish. 

In the valley of the Clogh Water and its tributaries the deposits 
•are strikingly similar to. those of the Braid Yalley, and here again 
the axes of the mounds curve I'ound north-westwards west of Kew^- 
town Crommeliii. In this case the northward movement of the ice 
at the foot of the valley is indicated by the overflow-channels 
on the spur of Slieverush. These are at 770, 750, and 530 feet 
respectively, and all fall northwards. 

Near Brumadoon, a mile north of Clogh Mills, is a gravel-pit 

2je 2 
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excavated in a mound. Basalt and chalk appear to be the sole 
constituents of this deposit. 

Bunning parallel to the railway along the valley of the Biver 
Main, from a point 1 mile south of Glarryfoi-d Station to 1 mile 
north of Dunloy Station, is a long ridge of gravel, which in places 
disappears below the surface of the bog for short intervals, but is 
otherwise continuous over a distance of 7 miles. Sections in tlie 
ridge reveal a coarse and very dirt3^ brownish gravel, consisting 
for the greater part of basalt, but also containing a considerable 
quantity of rhj^olite similar to that which occurs in situ at Clogh. 
This ridge is an esker, and occupies the line which one would 
expect a sub-glacial river to follow. It can be traced right up to> 
the watershed at the head of the Main, and is continued north- 
wards b}^ an overflow-channel, deeply'- cut into the basalt, and 
falling into the A^alley of the northward-flowing Glenlough Bivor. 

Near Caldanagh Bridge, west of Dunloy, are man 3^ large boulders 
of the local basalt scattered over, the countiy, and I found one 
erratic of epidiorite (Tj'rone) and one of white Carboniferous 
sandstone similar to that of Slieve Gallion. 

Mounds of drift tail olf northwards from the end of this hill, 
and west of Tullaghans Burn is a long north-and-south ridge, 
which is the continuation of the lateral morainic accumulations 
between Portglenone and H3nidstown. 

The watershed between the Main and its tributaries on the one 
hand, and the northward flowing streams on the other, crosses the 
railway about 3 miles north of Dunloy Station, and passes east- 
wards b3'' Kendals Hill to the northern spur of Slievenabanagban. 

Between this watershed and the valley of the Bush Kiver and 
the Breckagli Burn, running along the southern foot of the 
great Armo}’’ moraine, is a series of big drift-mounds containing- 
erratics from the south and occasional pebbles of Ailsa- Craig 
eurite. 


YIT. CorNTx Down. 

The County of Down falls into four natural divisions : («) a 
northern portion comprising the country around Bangor, Donagh- 
adee. Mill Isle, Coiilig, and Holy^wood ; {h') the Ards Peninsula; 
(0) the Silurian uplands extending from Comber to Dundrum, 
and from Pojuitzpass to Downpatrick and the mouth of Strangford 
Lough ; and (f 7 ) the granitic mountains of Slieve Croob and the 
Mourn es. 


(«) The Northern Area. 

This area is hounded on three sides by the sea, and on the south 
b3^ the deep valley partly filled by Trias running from Belfast by 
wa}’’ of Dundonald, Comber, and the head of Strangford Lough to. 
Grey Abbey. 

Along the line of the Belfast County Down Bailway from* 
Holy wood to Bangor are numerous sections in tough red boulder- 
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<3lay which contains erratics o£ Tertiaiy basalt, chalk, flint, and 
purple porphju'ite, all from the Antrim coast on the north, also 
gneiss, Silurian grit, quartzite, schist, quartz- porphyry from 
Drumadoon Point and pitchstone from Corriegills (both in the 
Island of Arran), and Ailsa Craig eurite. There are also sections 
in similar material along the coast of Belfast Lough, near Helens 
Bay and Carnalea. 

Between Bangor and Orlock Point the coastline is a low plat- 
form of Silurian rocks, apparently a raised-beach platform ; but 
inland of this are low cliffs, caj^ped in places by red bonlder-clay. 
On the raised-beach platform are numerous boulders of dolerite 
and basalt, some of Avhich are of considerable size, and pebbles of 
Ailsa Craig eurite are frequently met with. 

In the country between the northern coast and the Dundonald 
Yallej'" ai*e maii}^ drumlins, the axes of which, for the greater part, 
lie north and south. 

There is comparatively little of the sandy and gravelly material 
which forms so conspicuous a feature of the drifts of the Bann 
"^^alley and the Lough Neagh Basin ; but there are mounds of 
sand and gravel at Bangor Castle, and south-east of it gravels 
also occur at Drurakirk and beneath the town of Newtownards. 

In the Dundonald Valley are large quantities of sand and gravel 
disposed in irregular mounds. These are undoubtedly the product 
of the Scottish ice, as they contain a number of Scottish rocks 
^(including that of Ailsa Craig). 

Near the road- junction a mile east of Dundonald is a disused 
•quarry in Triassic sandstone, covered by about 30 feet of red 
sandy drift consisting largely of reassorted Trias. The section is 
in the side of a mound of drift, and the following eriutics are 
present : — ^basalt, flint, chalk, purple andesite, drusy granite from 
Arran, several varieties of decomposed granite with plentiful black 
mica (probably Scottish), and Ailsa Craig eurite. At the western 
end of this valley these deposits j>ass into a red sand wdth very few 
stones, similar to the Malone Sands of the Belfast Valley. 

The country between Scrabo Hill and Comber is covered with 
•drumlins of red sandy boulder-clay, containing Scottish eiratics, 
the local Silurian grits, and the dolerites of Scmbo Hill. The 
last-named are present in great numbers, and are of large size 
.and angular to subangular form. 

(5) The Ards Peninsula and Strangford Lough. 

The Ards Peninsula is a low-lying tract of land between Strang- 
ford Lough and the sea, and in no part reaches the 200-foot 
contour, except near PortafeiTV, where an isolated hill z’eaches 
339 feet. The surface is covered by drumlins, containing Scottish 
I'ocks, with boulders of basalt and the local Silurian grits and 
: slates. 

In the area north-west of Grey Abbey are numerous boulders 
^f the Scrabo Hill dolerite, and of these, one known as th§ 
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Butterlnmp, rests ujDon Triassic sandstone on the shore o£ 
Strangford Lough, about 4i miles south-east of Newtownards. 

The peninsula was overridden by the Scottish ice, but does not 
appear to have been affected by the later glaciation from the west. 

Strangford Lough occupies a position between the Ards Penin- 
sula and the mainland of County Down, and lies in a very ancient 
valley which is, to s6me extent, filled b}^ Trias ; it appears, in part 
at least, to have been in existence since Carboniferous times. 

At Castle Espie, about 3 miles south-east of Comber, there is 
a small outcrop of Carboniferous Limestone, and the ancient valley 
is otherwise Trias-filled. 

The Triassic outcrop runs through from tlie Belfast valley hy 
way of Dundonald and Scrabo Hill across the head of Strangford 
Lough to Grey Abbey, and probably it formerly extended down 
the Lough, but was removed by glacial erosion. 

The Lough is for the greater part very shallow, only reaching 
depths of more ihan 100 feet in a few small closed areas, and the 
whole of its surface is broken by shallows and islands wliich are 
undoubtedly the tops of submerged (or partly submerged) clruiii- 
lins, similar to those that characterize the surrounding eountiw. 

The strice at Newtown Ards, Scrabo Hill, Ballygowan, "VVood 
Island, near Ardmillan, and farther south on Slievenagriddle, near' 
Kilcleaf, Hillard Point, Bonfire Hill, and Gunns Island all point to- 
a movement of ice down the Lough. This is confirmed by the- 
transport of bouldei’S of the peculiar red limestone of Castle Espie, , 
which are to he found in quantity on the islands, in the country 
between Strangford and Downpatrick, and as far south as KiL 
lough. 

The boulders and p)ebbles of Castle Espie limestone are 
accompanied by masses of the dolerite which forms the capping 
of Scrabo Hill. Some of these are of great size ; for example, 

* Sam]pson’s Stone,’ which lies south-east of Downpatrick, and is 
about 14 feet long ; the ‘ Grey Bock,’ at Scaddin near the mouth 
of the Quoyle Biver, which is slightly larger ; and the * Grey Stone,’ 
north of Kearney s Town, which measures IS x 13 x 8 feet ( + ), 
pai't of it being below ground. 

The area of the Ards Peninsula and Strangford Lough was 
covered throughout the Glacial Period by the Scottish ice, which 
moved over it from north to south, influenced little (if at all) by 
the pressure of the western ice. 

The evidence of severe glacial erosion is to be found on all sides, 
and I look upon the Lough as the effect of that erosion on the 
soft Triassic rocks of the ancient valley. 

(c) The Main Mass of the Silurian Uplands. 

On entering any part of this district one is immediately struck 
by the extraordinailly hummocky character of the surface : druin- 
lins and roches moutonn^es follow one another in almost 
endless succession, giving the * basket of eggs ’ appearance which. 
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has been signalized by numerous writers as characteristic of 
County Down. 

So complicated is the sui*face with its rounded hills, kettle- 
holes, and intervening strips of boggy land, that it is extremely 
difficult to interpret the glacial j)beiiomena. There are so man^^ 
streamless peat-filled valleys that it is, in most cases, impossible to 
distinguish between true glacial overflow-channels and the boggy 
strips between the drumlins. 

One or two facts stand out, and give a clue to the direction of 
the ice-flow. 

The eastern portion of the area, comprising the districts of 
Comber, Ardmillan, Saintfield, Ballynaliineh, Crossgar, Killy- 
leagh, Downj)atriek, Killough, and Ardglass, was glaciated from 
north to south by the Scottish ice. This is indicated by the con- 
sistent direction of the strite, and by the presence of northern 
erratics to the exclusion of Tyrone rocks. 

The western portion, lying between the Belfast A County Down 
Railway from Comber to Crossgar and the Great IsTorthern line 
from Belfast to Bannbridge, is much less easy of interpreta- 
tion. The striations vary much in direction, and in some cases 
range through as much as 200° on the same surface of rock. 
That this crossing of striae is due to varying direction of ice- 
movement, and not mei*ely to the irregularities of the suj*faee, is 
suggested by the general study of the drift-deposits. 

Thus, in the countiy immediately south of nSTewtownbreda there 
are two distinct boulder-clays, a lower containing considerable 
quantities of cbalk and an upper characterized by the predomi- 
nance of slate and grit. Immediately south of this boulder-olay 
area Ordovician slates crop out at the surface, and bear striations 
varying in direction from north-west and south-east to north-east 
and south-west. A flow of ice from the north-west 'would bring 
chalk and basalt, wdiile one from the north-east would pass over. 
Ordovician and Triassic rocks. 

Farther south the direction of striation becomes uioi-e regular, 
and, althougli varying through some 30°, is, generally speaking, 
from north-west to south-east. At the same time, a distinct change 
takes place in the character of the drift, which in this southern 
area contains numerous erratics from the Tyi’one Axis. Thus at 
Ballygowan, 4 miles south-west of Hillsborough, the drift con- 
tains boulders of a quartz- poiq^hyry which is intrusive locally in 
the Ordovician, horn blende- gneiss, syenite, red granite from the 
Tyrone Axis, Carboniferous sandstone (pi-obably from the neigh- 
bourhood of Dungannon), also red sandstone (Trias), Silurian grit, 
basalt, and flint. 

Between Dromore and Ballynahineh the country is covered with 
drumlins of boulder-clay, with some gravels in the hollows and 
occasionally on the tops of the hills. Tlie erratics are mostly 
basalt, dolerite, rocks from the Tyrone Axis, and flint ; but 
Scottish rocks also occur 'sparingly, and a small pebble of Ailsa* 
Craig eurite occasionally rewards a patient search. 
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Near Droinara is a shallow deposit of gravelly material con- 
taining much debris from the granitic area some 3 miles away to 
the south ; hut I consider this to be a post-Glacial wash brought 
down the valley of the Lagan in Avhich it lies. 

About 3 miles west of Ballynahinch, on the Droinara road, are 
several glaciated surfaces, upon which the striae run in a direction 
about east 30° south ; but, nearer Balljuiahinch and clear of the 
Slieve Croob range, they incline more to the south. Thus at 
Kockvale, a mile east of the market-place, they run east 50° south, 
gradually conforming to the direction of those in the Downpatrick- 
Ardglass region farther east. 

In the neighbourhood of Crossgar the rock is close to the 
surface, except where druiulins of boulder-clay with many local 
stones diversify the surface. The axes of the druinlins lie in a 
direction slightly west of north to slight^ east of south. 

Similar country is encountered on the road from Crossgar to 
Killyleagh ; and on the shore of Strangf ord Lough, near the mouth 
of the Quoyle River, are cliffs of red boulder-clay 3 feet high. 
The clay contains many boulders of Silurian grit (some of which 
are striated), basalt, dolerite, Triassic sandstone, Castle Espie lime- 
stone, decomposed lamprophyre (local), mica-schist, chalk, flint, 
Oushendall porphyrite, and Old Red Sandstone. 

Green Island, at the mouth of the Quoyle River, is the remains 
of a drumlin half of which has been cut away by tbe waves, and 
Dunnyneill Island fai’ther north is of similar structure. 

The country south of the Quoyle is partly covered by drift of a 
character similar to that which occurs between Crossgar and 
‘Killyleagh, and there are numerous striated surfaces all indicating 
a movement from slightly west of north. 

A granitoid rock crops out at Slieve-na-griddle, about 4 miles 
east of Downpatrick, and a few boulders of this rock can be found 
on the surface of the Silurian country to the south. 

At Killard Point, at the mouth of Strangford Lough, boulders 
of the following rocks were recoxxled ; — local Silurian, Triassic 
sandstone, vein-quartz, dark red quartz-porphyry, quartzite, Castle- 
Espie limestone, porphyrite with ejxidote, flint (scarce), and Ailsa- 
Craig eurite. 

Alongside the railway, about a mile north of Rillough Station, 
are extensive excavations in a red laminated clay used for brick- 
making. The clay covers a considerable area of low ground lying 
among drumlin s, and appears to be a Late Glacial accumulation of 
lacustrine origin. 

On the beach at St. John’s Point are many boulders of the 
local Silurian rocks and vein-quartz, and smaller numbers of basalt 
and porphyritic basalt fi'om a local dyke, as also several rocks of 
the Tyrone type, including a coarse red-and- white gi’anite and 
a hornhlende-gabbro. The Slieve Croob granite also occurs. 

The striations round Killough all indicate a movement of ice 
fx’om the north- north-west, and this assumption is again borne out 
by the contents of the boulder-clay and gravels both inland and 
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on the coast of Corbet Head. Here is a veiy interesting deposit 
of ealcreted gravel containing northern erratics (including Castle- 
Espie limestone and Ailsa Craig eurite). The caleretion is due 
to the very large quantity of Castle Espie limestone -boulders and 
pebbles, many of which haAO been in part dissolved and have 
provided the cementing material. 

The occurrence of the Tyi*one rocks and SlieAo Croob granite on 
the shore of St. John’s Point is i^robably due to beach-transport 
along the shores of Dun drum as these rocks have not been 

found in the Glacial deposits of the cliffs. 

(d) The Granitic Areas of Slieve Croob and the Mourne 
Mountains. 

The mountain Slieve Croob (1755 feet O.D.) is made up of 
indurated Silurian rocks on the northern edge of the granite intru- 
sion which ranges from Castlewellan on the east to Slieve Gullion 
on the west, and forms a mass of high ground extending between 
those points, cut however by the valley of the Upper Bann and by 
the great trench which runs from the Lough Neagh basin to 
Carlingford Lough, by way of Scarva, Poyntzpass, Newry, and 
Warrenpoint. 

1 shall deal first with the country bounded on the north by 
a line running through Dromam and Gilford, and on the south by 
Newcastle, Hilltown, and Newry. 

Although there is little direct evidence of this district having 
heen overridden hy the Scottish ice, the phenomena observed in 
the country immediately north and in the Mourne Mountains lead 
me to believe that such was the case ; but so severe has been the 
•subsequent glaciation by the western ice that almost all the 
materials of the existing drift have been derived from that direc- 
tion, while all the striated surfaces are such as would be produced 
hy an ice-sheet travelling from north-west to south-east. 

At Lawreneetown near Bannbndge are several small exposures 
of red boulder-clay containing Tyrone rocks, together with Ter- 
tiary basalt, chalk, and flint; and between Lawmncetown and 
Scarva the eotxntry is covered by mounds of similar material, 
among which are several small lakes and peat-bogs which occupy 
hollows ill the drift-deposits. The sm’face of the country is 
morainic in chai*acter. 

There are few good exposures in this part, but about half a 
mile south of Scarva is a pit exposing some 30 feet of red boulder- 
clay, the base of which is not seen. This pit is excavated in the 
southern side of a mound, and at the southern end of the pit is a 
thin bed of sand. The clay, which is very stony, contains Silu- 
rian grit (local), basalt, flint, chalk, vein-quaiffz, Tyrone diorite 
and red granite, red quartz-porphyry. Carboniferous sandstone. 
Old Bed Sandstone, and a large piece of silicified wood from 
the Lough-Neagh Clays, from all of which it will be seen that the 
material was clearly derived from the north-west. 
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Striations exposed during the building o£ the railway between 
Bannbridge and Dromore, and recorded by the officers of tlie 
Geological Survey, also indicate a mov'ement from north-west to 
south-east. 

Near Garvagby, some 4 miles east of Bannbridge, are two. 
large overhow-channcls falling south-westwards and southwards 
respectively. They contain iimeh peat and several boggy pools. 
The larger and northernmost of these channels is some 3 miles 
long, and its intake is at al^out 340 feet. I consider these to have 
been formed during the earlier northern glaciation, but their 
relationsliips are somewhat obscure. 

On ei^tering the hilly countiy along the northern edge of the 
granite intrusion we find the drift deposits to be much thinner- 
than those in the low ground, and here the e:ffeets of the south- 
eastward movement are nnmistakahle. During* the retreat tem- 
porary lakes were formed between the ice-front and the sides of' 
the northw'ard-falling valleys of the range, and their waters 
flowed southwards across the cols, cutting numerous channels. 
Some of the largest of these are between Deehommed Mountain and 
Slievenaboley, between Slievenaboley and Ora tlie vo, and between 
Cratlieve and Sheve Croob, where there are two parallel channels. 
There is also a channel falling south-eastwards between Slievenisky,. 
the southern spur of Slieve Croob, and Slievegarren. 

The larger channels of this range w^ere doubtless produced during 
the northern glaciation, and again occupied by streams during the 
glaciation from the west. 

In this area are many boulders of local granite in tlie drift, also 
numerous erratics of Silurian grits and slates, and ])ebl)les of flint 
dei'ived from the north-west. I have been unable to find the 
igneous rocks of the Tyrone Axis *, but, in s\xeh a ])ro£usion of 
granitic debris as occurs here, they would, even if present, be very 
difficult of detection. 

Southward from Slieve Croob to the neighbourhood of Lough 
Island Beavy runs a ridge of hills, the craggy summits of 
which reach heights of from 700 to 1000 feet. This ridge lay 
athwart the path of the western ice, and on all liands are to he 
seen signs of the severe abrasion to which the rocks were subjected 
during its passage. Thus on Curlets Mountain, which consists in 
part of granite, and in part of highly metamoridiosed vSilurian 
rocks, the former is worn into rounded basses, and the latter are 
extensively striated. 

North of Curlets Mountain lies a broad valley, xvluch cuts througb- 
the range at a level of about 330 feet, and has evidently carried a 
much larger stream than that xvhieh occuj)ies it at ]:>rosent. It falls 
eastwards, and carries the railway between Leitrim Station and 
Castle wellan. 

South of Cui'lets Mountain the ridge is cut by rtmierous small 
notches, which were j)roduced when the ice stood against the 
western side of the ridge, but \vas no longer able to overtop it- 
Seveml of these notches drain into the hollow now occupied by 
Lake. 
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A much larger and more definite eliannel runs in a north-easterly 
direction from the eastern end of Lough Island Eeavy, by way of 
Altnadua Lough, to the valley of the Barren liiyer near Castle- 
wellan. The stream which now flows through this valley is only 
3 feet wide, and is almost choked with grass and other vegetation, 
whereas the floor of the valley is wide and swampy and is nearly 
level, though with a slight fall towards the north-east. 

The valley of the Barren Liver below the point where this 
channel enters it is very wide, has a flat floor, and is out of all 
proportion to the size of the river. 

The comparatively low-lying eountiy between Lough Island 
Iteavy and Kathfriland, and thence onwards to the Newry Talley,, 
is covered by mounds of drift, among which are numerous small 
lakes and peat-bogs occujjying hollows in the drift. 

Tlie Mourne Mountains. 

Under this head will he described that part of County Down 
which lies south of the Castlewellan-Hilltown-^N’ewry roach 

An examination of a contoured map will show that south of that 
portion of the road which lies between Hilltown and IMTewiy is a 
triangular hilly area based upon the road, liaving its aj)ex at the 
head of Carliiigford Lough, hounded on the south-west b}" the 
steep mountains of the Carlingford Range, and on the south-east 
by the Mourne Mountains. 

The evidence of the extreme severity of the glaciation to which 
this triangle has been subjected is to be seen on every hand, 
in the general form of the country, in the fi’equeney of roches 
moutonnees and striated surfaces, and in the enormous overflow- 
channels by which the country is intersected (see map, fig. 7, 
p. 406), 

The interj)retation of the glacial phenomena of this triangle is a 
comparatively siinjde matter, for, although it was covered first by 
the Scottish ice and later by that from the north-west, the lower 
layers, at least, of both these sheets were constrained by the form of 
the ground to flow southwards, and to find escape through the 
narrow opening between the Carlingford and Mourne Mountains, 
now occupied by the fiord of Carlingford Lough. 

Carlingford Lough, in fact, owes its existence very largely to the 
erosive jjower of the glacier ; and it is a point of great significance 
that the narrowest portion of the Lough, where it cuts through the 
mountain -barrier, has the most precipitous sides and is of gx^eater 
depth than aixy other part. 

Running down the centre of the Lough fi*om opposite Rillowen 
to a point 1 mile north of Gi’eenoi’e, is a deep chaixnel round which 
the d -fathom line forms a closed contoui*. In the naiTowest part 
of the valley, where the ice- scour was necessarily greatest, the 
bottom of this trough descends below the lo-fathom line, a depth 
which is not again reached within 5 miles of the coast (see fig. 8, 
p. 408). 

Fi’om Greenoi’e to the actual mouth of the Lough is another 
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closed deep o£ very irregular form, which in places reaches the 
10-fathom line ; but, between this and the ox^en sea, is an area 
■about a mile wide which is less than o fathoms deep. That this 
is not due to the silting-uj:) of the mouth of the Lough, or to its 
obstruction by morainic material, is indicated by the xDresence of 
numerous reefs and islands of Carboniferous Limestone between 
G-reenore and the sea, from which it would ax>pear that the Lough 
•occux>ies a rock-basin. 

An examination of the direction of the strite on the rock-surfaces 
bordering the Lough shows that the ice, after jJassing the narrows, 
fanned out over the more o]3en country on the south, flowing over 
Oreenore and Whitestown on the one hand, and towards Kilkeel 
•on the other. 

The drifts of the triangle contain great numbers of boulders of 
the ISTewry granite, and a smaller quantity of Silurian debris, while 
basalt and flint from the north are not uncommon. 

The glacial drainage-channels which form so cons^ncuous a 
feature in this area must now receive attention. The largest of 
these is over 20 miles long, and connects the lo\v-lying swampy 
area south of Portadown with the head of Carlin gford Lough at 
Warren point. 

The country immediately south of Portadown is an almost level 
swampy plain, rapidly narrowing about 2 miles south of the towm 
to form a deej) flat-floored valley, through which pass the Piver 
Bann, the canal, and the Great Northern Railway. The Bann 
enters this valley near Gilford, and flows northwards through 
Portadown into Lough Neagh, the fall being very slight and the 
stream sluggish. Near the point where the Bann enters the 
valley, but in this case from the south-west, another stream, 
the Gusher River, flows in, and also runs northwards, joining the 
Bann near Poi'tadown. 

From Gilford southwards by Scarva to Poyntz^mss, the valley- 
floor is streainless and almost level ; but near the latter village 
small streams enter from both sides, and flow southwards. The 
valley continues to fall southwards, and passes through Jerrettspass 
and Newzy to WaiTenj)oint, the part between the two last-named 
towns being at sea-level and carrying the Newry Sliij) Canal. 

The whole of this valley is below the 100-foot contour, and is 
altogether out of proportion to the drainage which it carries. 

The Newry River, after an extremely erratic course, falls into 
the gz’eat valley about 3 miles above, the town of Newiy, but 
between that point and Gilford the channel is jzractically stream- 
less. The origin of this valley I attribute to the drainage fx'om 
the Lough Neagh Basin, which during the i>eriod of the advance 
of the Scottish ice, must have taken this course. 

The valley is deeply cut in the solid rocks, and can he seen to be 
somewhat encumbered by the drift of the western ice by which it 
was crossed. The deposits of this ice almost obliterated the 
northern part of the channel, which however was partly I’e-excavated 
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b}’" the drainage o£ Lough ^N’eagh during the retreat of the western 
ice, while the l^elfast Valley and that of the Lower Bann near 
Castlerock were still closed by the Scottish ice. 

The problem of the pre- Glacial drainage of the Lough !N^eagh 
Basin is an extremely interesting one; but, before anything detiuite 
can be said on this subject, or on the cognate one of’ the origin of 
the existing drainage-system, a much closer study of the sub-drift 
contours than is at present possible must be madt^ 

To return now to the drainage-channels of the XewiT-Hilltown- 
Warrenpoint triangle. There is a very large flat-floored valley 
running parallel to, and about a mile east of, the Xewry Valley. 
It contains Greenan Lough, and sevei-al other small lakes and 
swamps. The watershed in this valley is at about IlUfeet, and its 
northern end is crossed at right angles by the ^N'e’WTv River at a 
level of 105 feet. At its southern end the channel deeply notches 
the 100-foot contour, and enters the Newry Valiev opposite Narrow 
Water Castle. 

Another large parallel channel at a higher level (320 feet) runs 
between Bullock Hill and the southern spur of Craignamona. It 
contains Milltown Lough, falls towards the south, and is streamless 
in its upper part. 

Other channels occur on the north-'western flank of Ciaignamona 
at 590 feet, and betw'een Slieveacamano and Ballyvally Mountain 
at 612 feet : both these fall soutlwards. 

The two great parallel valleys (through w’hich pass the two roads, 
from Hilltown to Rostrevor) lying betw’een Slieveroosley and 
Corlieve Mountain, and between the latter and Tievedockeragh 
respectively, and cutting through the watersheds, are much encum- 
bered by drift and peat, but must have carried great volumes of' 
Avater from the Hilltown area southwards to Carlin gford Lough, 

The Mom*ne Mountains consist, for the greater part, of granite 
of Tertiary age, although the summits of seA^eral of the highest 
peaks in the western portion are capped by masses of altered. 
Silurian strata — the relics of the cover of the granitic laceolite. 

These mountains form a detached group, which stood in the track 
of the Scottish ice that swept over County Down, and Avere to a 
considemble extent overwhelmed by it. Striae occur up to and 
slightly above the 1500-foot contour on Pigeon Rock Mountain, 
and the j)lateau of Silurian rocks Avhieh forms the summit of‘ 
Slievemuckamore (1837 feet O.D.) is littered by thousands of 
granite-bo uldei’s carried from at least 250 feet beloAv. 

Whether the higher summits, such as Slieve Donard (2796 feet)> 
and Slieve Bignian (2449 feet), were covered by ice is largely a 
matter of conjecture ; but their I’oundecI outlines, and the fact that 
Snaefell in the Isle of Man (2062 feet) was overridden, make it 
reasonable to suppose that such Avas the case. 

Running westwards from Slieve Donard is a line of peaks fonning 
the northern rampart of the group — Slieve Commedagh (2812 feet),. 
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.‘Slieveiiag'logli, Slieve Bearnagh (2394 feet), Slieve Meelmore, and 
.others ; and that this rampart was overridden from the north is 
shown by the enormous accumulations of glacial deposits in the 
.Silent Valley and the valley of the Annalong Itiver on the south. 
These deposits consist very largely of granitic debris, but occasional 
‘boulders of Silurian grits and altered slates also occur. 

The mountain- tract is divided into two portions by the pass 
vwhich carries the road from Hilltown to Kilkeel by way of the 
Deers Meadow, and the fact that the northern ice flowed over this 
pass is indicated by the striated surfaces and by the transport of 
thousands of boulders of the altered Silurian rocks (banded horn- 
stones, etc.) of the Deers Meadow southwards through the narrow 
valle}^ between Slievemuck and Pigeon Rock Mountain. The 
.highest point of the pass is 1225 feet ; but that the ice stood at a 
much higher level than this is shown by the striae on the southern 
■spur of Pigeon Rock Mountain at 1500 feet, and the granite- 
boulders on the summit of Slieveinoughanmore already mentioned. 

To what extent the Mounie Mountains were overridden by the 
fsubsequent western glaciation is a much more ditficult matter to 
decide. On Castle Bog, between Tievedockeragb and Eagle 
Mountain, I found several pebbles of flint in sandy drift beneath 
peat at about 1100 feet ; but these might obviously have been 
•carried by either the Scottish or the western ice, though a well- 
marked overflow-channel known as The Windy G-ap, at about 
1300 feet (between Slievemoughanmore and Eagle Mountain, and 
^falling south-eastwards), might be taken as an indication of an 
Ice -movement from the north-west. 

About 4 miles south-west of The Windy Gap is another 
overflow-channel on the northern flank of Slievemee at about 1200 
feet, and this also falls in a south-easterly direction ; while on 
Einlievemore at 1300 feet are strije pointing south-eastward.s. 

Near the summit of the col south of Slievemee are two parallel 
^crescentic moraines at a height of 1000 feet. They are convex 
^towards the south-east, and were doubtless the product of an 
ice-lobe pushing its way over the col from the north-west. 

It is thus clearly shown that ice passed over the south-western 
part of the Mourne Mountains from a north-westerly direction ; but 
"it must be borne in mind that this may have been a portion of the 
Scottish flow escaping from the enormous pressures in the rapidly- 
narrowing triangular area on the west which has already been 
descz'ibed. 

I have been unable to find any undoubted Tyrone rocks at high 
levels in the Mourne Mountains, and, until such are forthcoming, 
i;he invasion of the group by the western ice must be a matter of 
■xjonjecture. 

That the ice from the Tyrone area flowed along the northern 
‘‘face of the Mourne Mountains is indicated by the direction of the 
striae at 500 feet O.D. on the north side of Loughanlea Hill, at 
^00 feet at Eofanny Plantation on the southern flank of Craiga- 
lusta and on the northern slope of Slievenaman, at 650 feet on 
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Tull 3 ^ree Hill, and at 7o0feet on Slievenabrook, all of which show 
evidence of a movement from west to east. This movement is 
confirmed hj the transport of large numbers of boulders of qiiartz- 
porph^ay from the great dj’ke which runs from Craiga lustra to 
Hilltown, into the countiy round Brvansford. 

The strip of Silurian countiy south of the granite mountains is 
deepli’' covered with drift, of which there are good sections along 
the coast. 

Striations and moraine ridges show a coastwise movement of 
ice in an easterly direction from the mouth of Carlingford Lough. 
This, as has already been stated, was due to the faiming-out of 
the ice on its escape from the narrows between the ISruurne and 
Carlingford Mountains, doubtless influenced largeh' as regards 
direction the eastward thrust of the ice from the countiy north 
of Dundalk presenth^ to be considered. 

The gravels in the southern valleys of the Mourne Mountains 
.are often of great thickness, and consist prineipalH of granite. 
Thej^ are disposed in momine-like ridges in main- i^arts. 

YIII. The Carlins" gfofd Mountains and the Sx.iete 
( jfuLLioN Area (see map, fig. 7, p. 400). 

In the portion of this region that lies immediateh’ north of 
-Slieve Gullion (which must not be confused Avitli Slieve Gallion in 
Tju’on e ) an d Camlough Moun tai n the r o c h e s in o u t o n n e e s and 
striated surfaces indicate an ice-movement from west of north. 
These occur near Bessbrook at 450 feet O.D., in the towiiland of 
Esliwaiy at 560 feet, on the northern Hank of Camlough Mountain 
at a little over 700 feet, a quarter of a mile north-west of Davitts 
•Cross Koads at 700 feet, and in two places near Aughanduff Lower 
Mountain at 700 and 630 feet respectiveh'. 

North-west of this area the countiy from Beleek hy Ewarts 
Cross-Koads to Jerrettspass is deeply- covered with drift, both 
boulder-clay and gravels, containing a profusion of boulders of 
.Silurian rocks, together with considerable numbers from the Tyrone 
Axis; and near Jerrettspass are roches moutonnees at alti- 
tudes of 250 and 450 feet respectiveh-, also indicating a movement 
from west of north. 

The drift occurs in mounds, some of which are drumlins : as, 
for example, those at Tullj^’a!! Hill and Carrowhane near Belleek ; 
others are more irregular in form, and probably’’ morainic. 

In a large excavation midway between Newr^- and Camlough is 
.an exjiosure of decomposed granite, formerly w^orked for gravel, 
•covered by 15 feet of buf£-coloured boulder- ela^- which contains 
much local granite, with smaller quantities of Silurian grit and 
slate, both showing strije, also quartzite, flint. Tertiary basalt, 
vein-quartz, and red granite from the Tyrone Axis. The pit is in 
the side of one of the mounds, and there is little or no drift in 
the spaces between them, the granite and granite-wash coming to 
the surface. 
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The eastern spur of Camlougli Mountain, known as Bally- 
macdermot, is cut by five dry channels at 920, 910 (in and out), 
650, and 630 feet resjDec lively. 

Between the village of Camlougli and the reservoir the surface 
is largely granite, but boulder-clay similar to that just described 
occurs in patches ; and in the narrow part of the ivserv’oir vallev 
at 500 feet is a cutting* Avhich shows rotten granite, covered by 
about 3 feet of boulder-clay containing* local rocks only. With 
the exception of this smair]3‘^^eh, the sides of the valley appear 
to be free from drift ; but, on the west side of the reservoir, is a 
long* ridge of drift, running from north-west to south-east through 
Aghmakane. 

On the eastern flank of Sugarloaf Hill is a dry cliannel falling 
southwards at 800 feet, and another between Sugarloaf Hill and 
Courtney Mountain at 550 feet. 

The south-western spur of Slievenacappel is cut by three parallel 
dry channels, all falling south-eastwards between the 600- and 
700-foot contours. 

The mountain of Slieve Gullion (1894 feet O.D.) stands in the 
centre of a great amphitheatre, and is separated fi*om the walls of 
the basin by valleys upwards of a mile wide. On the western 
flanks of Slieve Gullion roches moutonnees occur at 400 feet, 
a striated surface at 600 feet, and dry channels at 950 feet and 
1200 feet respectively show that it was glaciated at least up to 
the last-mentioned level. 

The valley that surrounds Slieve Gullion on the north-west, 
west, and south-west, drained hy the Forkill Hirer, shows much 
drift which contains mostly local and Silurian rocks. This drift 
is arranged for the greater part in long mounds, which have their 
axes north and south. 

East of the mountain is the great basin of Adavoyle, at a level 
of between 300 and 400 feet, through which runs the main line of 
the Great Northern Hail way from Dublin to Belfast, Much of 
the surface of the basin is covered by peat ; but drift-mounds 
frequently show above its surface, and there are kettle-holes of 
considerable dimensions near Drumintee and at Ballynamona. 

The basin is at present dmined by three streams, the largest of 
which is the Flurry Hiver, flowing southwards through Havensdale. 

A smaller stream also flows southwards through the valley which 
caiu'ies the railway, and the northern portion drains northwards 
into Camlough Reservoir. 

The southern' rim of the amphitheatre shows many roches 
moutonnees and striated surfaces, all indicating a southward 
flow, and is cut hy four large gaps. The westernmost of these 
is at Forkill (230 feet), and is occupied hy the Forkill Hiver. 

It has the contours of a normal valley, but is very large in com- 
parison with the size of the stream. 

The second is at a height of 380 feet, and lies half a mile 
north-east of Forkill House, This is a deep gorge-like valley 
cutting through the wall of the amphitheatre, and flanked by 
Q. J.G.S. No. 315. 2 f 
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ancient watch-towers. The rocks on the east side are strongly 
moutonn es. At the southern end of the gorge is a dnft- 
plateau fringing the mountains, and the channel is continued across 
this for nearly a mile. The channel is now almost streamless. 

The third gap is that between Slievenaholea and Feede Moun- 
tain. It cuts the 200-foot contour, and is thus lower than 
those previously mentioned. It is a very large channel with a 
■broad fiat floor, and must have carried a powerful stream, at one 
•stage draining the greater part of the amphitheatre. The existing 
, stream is very small, and quite inadequate for the cutting of so 
large a valle^^. 

The fourth channel is Havensdale, already mentioned as being 
•occupied by the Flurry River. The upper end of the narrow 
portion of the dale is at Flurrybridge, at 320 feet above sea-level. 

This completes the circuit of the Slieve Gullion amphitheatre, 
;and there remains for description only the mountainous tract of 
-country between Ravensdale and Caiiingford Lough. 

This area consists of two main masses, western and eastern, 
separated one from the other by the col known as The Windy 
-Gap, above Omeath and Glenmore, the valley occujfied by the 
Big River and the Little River, leading southwards froiu The 
Windy Gap to the sea fsee maps, figs. 7 & S, pp. 406 & 40S). 

The western mass includes Anglesey Mountain (1549 feet O.D.), 
C/lermont (1462 feet), Clermont Cax’n (16/’4 feet), Carnavaddy 
(1508 feet), The Castle (1265 feet), and Slievenaglogh (1024 
feet) ; the eastern includes the long ridge of Carlingford Slountain 
(1935 feet) and Barnavave (1142 feet). 

Anglesey Mountain is prolonged northwards by a long ridge 
•which separates the Newry Talley from the Adavoyle Basin. 
This ridge falls very steeply towards the Newry Talley on the 
•east, hut much more gently on the west. It is cut through by 
•several dry channels, all falling westwards, at levels between 300 
-and 600 feet. 

Striations near Monument show a movement down the valley’', 
And the ridge now under consideration forms the western boundary 
of the Newry-Hilltown- Warren point triangle defined on p. 401. 

At the southern end of the ridge, a mile north-east of Clontigora, 

•is a channel at 650 feet falling westwards : that is, from the Kewrr 
Talley towards the head of Ravensdale ; and a quarter of a mile 
■south of the summit marked 810, another channel just below 
700 feet falls first southwards, and then eastwai'ds. There are 
considerable accumulations of drift here, and the sxirface is veiy 
irregular and moraine-like. 

There are several small streamless notches, all falling south- 
eastwards, on the shoulder of Anglesey Mountain between the 
levels of 700 and 900 feet.' 

In the course of a stream which flows fmm Clermont to the 
Lough, noi'thof Omeath Park, are several deep sections in pinkish- 
buff boulder-clay crowded -with big boulders of granite and quartr- 

2p2 
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porpli37’ry, both of which rocks are local, also striated Silurian- 
grit, Tertiaiy basalt, and flint. The material is distiiicti}" morainic 
in character, and extends up to the 900-foot contour. The country 
below this, right down to the Lough at Oineath village, is also 
covered with similar material disposed in long flat mounds. Strite 
on the hillside west of Omeath point almost due south. 

The deep embayment in the eastern side of Clermont Cam 
contains similar drift (in which there are sections 80 feet deep), 
forming a terrace at a level of 600 feet. 

In The Windy Gap is a frontal moraine of considerable 
dimensions, through which there is an ill-defined streamless 
channel falling southwards. The moraine contains man^^ angular 
blocks of granite, quartz- porplyry, and dolerite, all of which occur 
ioz siftc- in the area immediately on the north. 

Immediately south of The Wind}^ Gap is a shallow lake, about 
half a mile long, at a level of 600 feet. It is held up by a frontal 
mox’aine which crosses the valley at Cloughniore. Below this 
point the valle}’’, sometimes called Glen more, contains great 
quantities of drift exhibiting a roughly termced arrangement ; 
hut there are no further frontal moraines, unless the accumulations, 
of gravelly materials at Biverstown, which will be mentioned 
later, can he so described. 

The drift-level on the western slopes of Carlingford Mountain 
is well defined by the limit of cultivation, which is at about 
900 feet above O.D. ; but this does not mark the upper limit of 
the ice, as some ei’ratics occur on the summit of the mountain. 

Striaj oil an irilier of Silurian rocks in the centre of Glenmore, at 
about 380 feet, show that the ice which crossed The Windy Gap- 
extended at least thus far southwards, and there seems little doubt, 
that it reached the foot of the valley and passed out to sea. 

The western face of Carnavaddy is heavily drift-covered in the 
townlands of Anaverna and Doolargy, and at a height of 600 feet 
a stream cuts through a great lateral moraine consisting of brown 
sandy clay, with many subangular blocks of granite. The thickest 
part of the moraine appears to be at the forking of the two streams, 
where there is a section 60 feet deep with the sti’eam still flowing 
on drift. Most of the granite-boulders ai’e in the lower jiart of 
the section. 

Farther up stream above the moraine is a plateau of drift 
200 yards wide, with another moraine roughly parallel to the first 
on its upper side. The drift of the terrace is stratified, and was 
deposited in the waters of a lake which stood at a level of 870 feet, 
and overflowed by a channel between Oarrabane and Carnavaddy.. 
This channel discharged its waters into another lake which occujjied 
the valle^^s on tlie side of Slievestucan, in the townland of Bally- 
makellet, and the waters overflowing from this out a series of 
channels in the spur which runs south-westward from the summit 
of The Castle, by way of The Bound Mountain to Bellurgan 
House. These channels will be described later. 

The broad valley occupied by the various streams which ufiite to 
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flow under Ballyinakellet Bridge have cut deeply into, and in some 
l^laces through, the drift. The stream which rises south-east of 
the summit of Carnavaddj- and flow-s on the west of Slievestucan 
exposes sections in stratified gravelly drift at least 40 feet thick, 
at an altitude of 900 feet. A rough terrace of drift can also he 
traced round the shoulder of Slievestucan to the valley of the stream 
which, rising near the source of that last mentioned, passes round 
the east side of Slievestucan, between that hill and The Castle, 
and is known in various parts of its course as Shrufawnasheskon 
and Althoy. In this latter stream, extending between the 70U' 
.and 900-foot contours, is a drift-section upwards of 100 feet in 
height, forming a great scaur above the stream, and called 
iSx^elleekboy . This drift is roughly stratified, and extends up 
the hillside beyond the level of the terrace on the shoulder of 
The Castle to a height of about 1200 feet. 

Both the streams above mentioned cut into the drift in many 
]parts of their courses, from the 700-foot level to the bridge at 
Ballymakellet ; and the sections revealed indicate the existence of 
several parallel lateral moraines, with intervening* flats of stratified 
drift. These deposits \vere formed in the 'svaters of a lake held up 
between the margin of the ice and the hillside. 

At the period of maximum glaciation the mountains w^ere wholly 
covered; but, as the ice-level decreased, the lake took various 
foi’ins at various levels, and the history of these changes can be 
worked out by a study of the fine series of dry channels on the 
■spur of The Round Mountain. 

The highest of these is east of The Castle at a level of 
1100 feet, and discharges direct into Grlenmore below the Clough- 
more moraine. The channel is small and ill-defined, and w'as 
formed by the drainage from the glacier before the ice had d^vindled 
sufficiently to allow of the production of a lake. 

A similar origin may be x)Ostulated for the channel at about the 
same level, on the western slope of The Castle. 

The first of the lake overflows is at 950 feet, cuts through the 
south-western spur of The Castle, and falls soutliAvards. It is 
broad and shallo'w but well marked, and is jjartly occupied by a 
.swamp called Money boy. The second of this series is at 
900 feet ; it is similar to the last-mentioned, which it eventually 
ioins, and produces a deepening of the lower portion. 

This is followed by a small channel at about 810 feet 'which must 
have been of a very tempoi'ary nature, being early rendei^ed inactive 
by the ox:>ening of the col between The Round Mountain and the 
spur of The Castle. . • j 

Bast of The Round Mountain, and cutting the col last mentioned 
at about 720 feet, is a group of deep overflow-channels cut in hard 
• dolerite. They unite to form a dark gloomy gorge known as The 
■Cellar, which opens into -the Jenkinst own valley. The wafer s oi 
this channel di-ained eventually by way of the great Mullaghattin 
channel into G-lenmore (see p. 412). The head of the mam 
channel of the group is occupied by a swamp called Jjougnly boy. 
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and contains two small lakes the overflow from which, a mere 
trickle, is rapidly lost in the talus in The Cellar, and is the only 
drainage now passing this way. 

On the northern spur of The Hound Mountain, at a level of 
650 feet, is a well-marked channel 30 feefc deep, which carried the 
drainage through the spur to the western side of The Bound 
Mountain, thus lowering the level of the Ball^miakellet Lake, and 
rendering The Cellar channels inoperative. The drainage from 
this channel, and later, the direct overflow from the lake, cut an 
enormous eoiiipound channel through the western flank of The 
Bound Mountain, the eastern and original intake being at 490 feet,, 
and the western and later one at 460 feet. The lower end of the* 
combined channel cuts the 200-foot contour. 

By the time that this channel had been opened the ice had 
retreated from the southern flank of Slievenaglogh, and the lake in 
the Jenkinstown valley (see below) had ceased to exist. This is 
proved by the fact that this channel, and also all the later channels 
next described, di*ained into ihe open country south of the moun- 
tains, and thus into the Irish Sea. 

The Bound Mountain throws out a spur towards the south-east,, 
and this is cut by two very large ^ gash-channels ' at 410 and 
350 feet respectively. These channels reach, hut do not cut 
through the crest o"f the spur, and are similar in origin to tliose 
described on p. 411. 

The lowest of the overflows of the Ballyinakellet Lake is between 
Trumpet Hill and the hill (300 feet) east of it. The channel 
is very large, being 200 feet deep, and must have been operative 
for a long time. Its period of activity continued until the glacier 
had retreated beyond the northern end of Trumpet Hill, as the 
channel can he followed in the low country below the 100-foot 
contour to the neighbourhood of the moraines near Bellurgan 
Station. 

The channels above described as lying between The Castle and 
The Bound Mountain drained into the valley between The Bound 
Mountain and Slievenaglogh, which was also occupied by the waters 
of a lake. This, which may he called the Jenkinstown Lake, 
from the name of the townland in which it occurred, drained over 
the col at the head of the valley, cutting an enormous channel 
■which carried its waters into Grlenmore. This Mullaghattin channel 
is at a level of about 550 feet, at the watershed between the 
southward -flowing stream and the headwaters of the Little Biver 
which now occupy the channel. North of Mullaghattin the 
channel is cut deeply into the solid rock ; hut, after turning south- 
eastwards into Glenmore, it continues as a definite wide channel 
in the drifts of that valley, down to a level of 200 feet. 

It will thus be seen that the western, or Tyrone, ice which pro- 
duced the lake phenomena described above, must still have s-fcood 
against the southern shoulder of Slievenaglogh up to about 
600 feet, so as to impound the waters of the Jenkinstown Lake, at 
a time when the southern spixr of Barnavave was clear of ice down. 
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to the 200-foot level, and the northern ice from The Wind v Gap no 
longer penetrated Glenmore below the Cloughmore moraine. 

The Jenkinstown valley is largely encumbered with drift, 
arranged in roughly parallel ridges, which obviously were lateral 
moraines of the western ice produced during the various stages of 
its shrinkage. 

There are numerous overdow-ehannels on the southern face of 
Slievenaglogh ; but they are of small size, and appear to have 
carried small streams from the edge of the ice rather than the 
overflow of a lake. At the foot of the slope near Hockmarshall 
House striae point south-eastwards, and at Clogh Patrick, a mile 
farther east, tliey run from west to east. Near The Bush Station 
are striae on the spur of Barnavave, pointing only a few degrees 
south of east, showing that the western ice was j)ressed close]}’* 
against the ends of these hills. 

With regard to Carlingford Mountain there is little to say, 
except that on the summit numerous small erratics of Silurian 
grit occur. These are at least 500 feet above the parent outcrop, 
and show that the mountain was completely overridden by ice from 
the north. 

South of the mountains, and between them and the sea, is a 
strip of slightly undulating land, varying from half a mile to 
3 miles in width and lying below the 200-foot contour. It consists 
entirely of glacial deposits, boulder-elay below and gravel above. 

In the neighbourhood of Bellurgan Station, on the Dundalk, 
Newry, & Greenore Bail way, is a series of lateral moraines having 
a general trend from Avest-north-west to east- south-east. These 
moraines form several parallel ridges, and consist of brownish and 
somewhat clayey gravel, containing boulders and pebbles of 
Silurian and igneous rocks from the neighbouring hills, from Slieve 
Gullion, and from the Tyrone Axis. 

A section in the morainic gravels close to Bellurgan Station 
yielded several varieties of granite, andesites, and Silurian grits, 
all derivable from the country immediately to the north-west. 
Carboniferous Limestone (local), basalt, white quartzite, and red 
quartz-porphyry. 

Immediately south of Bockmarshall House, at the point where 
the road passes beneath the railway, is a pit excavated in a very 
sandy brown clay, in which no bedding is apparent. The boulders 
are similar to those found at Bellurgan Station, and the pit is in 
one of a series of morainic mounds which occur on both sides of 
the railway. 

The two small lakes, Lough Anmoney and Lough Anmore, 
between the railway and the sea, occupy closed hollows or kettle- 
holes, Lough Anmore lying in a hollow enclosed by the 50-foot 

contour. -..it 

Near the viaduct at Biverstown the river cuts through the dritt- 
plateau, and exposes a section of a moraine with a terrace of 
stratified gravel on its upper, northern, side. ^ The^ bedding in the 
moraine is confused ; but that in the terrace is horizontal and, w ith 
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the exception o£ certain current-bedded portions, quite regular. 
The erratics are similar to those found at Bellurgan and lloek- 
marshall House. 

In another section, between the railway and road-bridges at 
lliverstown, boulders of basalt are extremely common in the lower 
part of the section, wdiile rocks from the north-west predominate 
higher up. The section was partly grassed over and covered by 
slips and talus, consequently it was impossible to ascertain without 
considerable excavation whether there is a definite line of demar- 
cation between the basaltic drift and that lying- above it. In 
the light of the relationship of the beds in the clift-sections 
shortly to be described, I am inclined to ascribe the basaltic drift 
to earlier ice, probably Scottisli, which came by wa}" of the Hewry 
Valley, over The Windy Gap and so down Glenmore, and the upper 
deposit to the later glacier which came round the western side of 
the hills by way of Bellurgan. 

Between Giles Quay and Bathcor Lower the beach is bounded 


Fig. 9 . — Section in the sea-cliff at the mouth of the river 
helow Miverstoum, 





1 = Older moraine. 2= Stratified sands and gravels. 

3 =: Newer moraine. 4= River. 

by cliffs of boulder-clay, sands, and gravels, which occasionally 
reach a height of 50 feet. 

On the eastern side of the mouth of tlie river at Biverstown are 
exposures of strongly current-bedded sands and gravels containing 
Silurian grit. Carboniferous Limestone, granophyre, diorite, and a 
few small pebbles of Tertiary basalt, all of which (with the 
exception of the basalt) are local. The current-bedding dips 
southwards at about 20°. Besting upon these gravels are mounds 
•of brown boulder-clay containing large boulders. The gravels just 
described extend for about 100 yards eastwards along the sea-cliff, 
where the section illustrated in fig, 9 (which clearly indicates 
their relationship to the other deposits) is seen. 

Between the fishermen’s cottages and the end of the road at 
Bathcor Lower is a continuous section, a quarter of a mile long and 
about 50 feet high. At the western end of the section the following 
beds are exposed ; — 

(4) Brown boulder-clay, with few stones, 

(3) Brown sands, strongly current-bedded towards the east. 

(2) Brown clay, with few stones. 

v(l) JPine white sands interbedded with fine gravel, often highly contorted. 
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Farther east, a thickness of 3 feet of brown sandy boulder-elay 
is exposed at the base of the section. This contains Tertiary 
basalt and many striated boulders of Carboniferous Limeston^ 
also granites and hoi'iiblende-granites. At the road end this clay 
thickens out to 10 feet, but its base is not exposed. 

Three-quarters of a mile farther east the cli:ffs are 15 feet high, 
.and show at the base a grey clay which is very poorly exposed, and 
then the following series : — 

(5) Coarse angular gravel. 

(4) Yellow sands (8 feet). 

(3) Contorted sands and clays (4 feet). 

(2) Layer of pebbles of Carboniferous Limestone. 

(1) Grey clay (1 foot -{-). 

On the beach along this section of the coast lie thousands of 
large boulders. These include the whole suite of igneous rocks 
from the Carlingford-Slieve Grullion massif, and also many 
■examples of Carboniferous Limestone and Silurian grit. INIourne 
Mountain granites do not occur. 


IX. Summaet axx> Cokclusioxs. 

In studying the glacial geology of a country three principal 
forms of evidence are avaifible: (1) the roches moutonnees 
.and striated surfaces ; (2) the drift-deposits, including erratics ; 
and (3) the various types of dry channels produced b}^ the water 
draining away from the ice, or overflowing from temporary ice- 
dammed lakes. 

The roches moutonnees and striated surfaces in the district 
now under consideration have been studied by the offlcers of the 
G-eological Survey, and most of those which are exposed are marked 
upon their 1-inch maps. In some cases the exact bearing of the 
striations is given in tabular form in the explanatory memoirs 
accompanying tlie sheets. This work has been done with extreme 
care and accuracy, and in but few instances have I been able to 
.add to the list of the recorded examples, and that only in cases 
where a new excavation has recently exposed them. 

An early attempt was made by the officers of the Geological 
■Survey, on the suggestion of the late Prof. E. Hull, to determine 
the general direction of ice- flow over the Norih of Ireland by 
means of these striated surfaces, and, as a result of their investi- 
gations, a paper was published by J. R. Kilroe on the Directions 
of Ice-Flow in the North of Irel^nd.^ 

In this pa]per it is pointed out tliat the striations recorded on 
the maps of the Geological Survey may be resolved into two sets 
running approximately at right angles to each other, and these are 
respectively attributed to (1) a glaciation by ice from Scotland, 
.and (2) a later glaciation by ice fi’om a great central snowfield 
■*(axis of glacial movement) running across the Nox'th of Ireland 

1 Q. G. S. vol. xHv (1888) pp. 827-33. 



Fig. 10. — JS£a^ showing the glaciation of the no 7 'tJiern pa^'t 
of the JBritish Xsles, (X. ICih'oe.) 



Fig. 11. — 3£ap of the North of Ireland, shoioing the 
North Irish sgste^n of glaciation, (J. i?. ICilroe.) 







4:1T 


part 3] THE GLACI^TIOK’ OE NORTH-EASTEEN IREX/AX3>. 

from east to west. Kilroe’s paper is illustrated by two maps 
(ojp. cit. pp. 828 & 831) showing his interpretation of the ice- 
movement duilng the Scottish and Irish glaciations : these maps 
are rej)roduced in figs. 10 <& 11, for purposes of comparison with 
my own interpretation. 

"Kilroe appears to liave made the assumption that an ice- 
sheet flowing across the grain of a country would produce only 
striae parallel to its general direction of movement, or, in other 
words, that the movement of the lower la 3 ^ers of the ice, entangled 
amid the irregularities of hills and valie^-s, would conform to those 
of the main mass above. 

We need not bo suiprised that the conclusions arrived at in the 
paxDer under consideration should prove to require some modifi- 
cation, seeing that the^" are based upon the studj- of the striations 
alone, without due regard to the nature of the drift deposits or to 
the transport of erratics. 


The drift-deposits and erratics have been studied b\' several 
observers, and many descriptions of local sections have^ been 
published. The most important of these are to be found in the 
Memoirs of the Geological Survey of Ireland, also in the reports, 
issued from time to time hy the Geological Section of the Belfast 
Naturalists’ Field-Olub, and published in the Transactions of that. 
Society, to which I am indebted for inan^^ records of erratics. 

The first references to the overflow-channels or ‘ drv gaps,’ as 
being connected with glaciation, are to be found in the Drift Map 
of the Belfast District, published by the Geological Surve 3 Mn 1904, 
and in the accompanying Memoir. 

That there was something abnormal about some of the valleys 
in the North of Ireland appears to have been noticed hy Joseph 
Nolan, of the Geological Survey, although he did not connect 
them with the action of ice. In the explanatory memoir to 
Sheet 34 (1878), on p. 8, Nolan wu-ites : 


‘ These tablelands [near Pomeroy] are intersected in every dir^tion by 
deep winding valleys and ravines, which sometimes present very bold and 
striking characters. Since the formation of the older of these valleys and 
ravines the physical geography of the district api^ears to have undergone 
considerable alteration, so that it is not unusual to find a ridge of hih cut 
through by a deep ravine, the denuding agents having operated in a dmection 
at right angles to that of the original valley. ^ Bemisk Glen, some 4 miles 
south of Oarriokmore, is a remarkable illustration of this. 


By studying and combining these three types of evidence it is 
possible to arrive at fairly definite conclusions as to the sequence 
of events, although in a district so complicated in struetiire and 
relief as that now under considemtion, much in the nature ot 
minor detail must remain doubtful. 


From the careful study of a great mass of obseiwed detail, onl^ 
the leading features of which are described in the foregoing page , 
there emerge certain main conclusions which will now be stated. 
During the early stages of the glaciation the dominant agent \ 
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the glaciation of the North-East of Ii’eland was the Firth-of- Clyde 
Griaeier. This great mer de glace had its origin in the High- 
lands, but reached its maximum development only when the 
eastern exit from the Central Valley of Scotland, the Firth of 
Forth, was closed by the advance of the North Sea Glacier from 
Scandinavia. At this stage the ice from the Grampians, and from 
the Southern Uplands as well, must have escaped westwards, 
largely by way of the Firth-of- Gh’^de Glacier. When this glacier 
reached the Irish coast, which a glance at a map of the British 
Isles will show to lie full in its track, it was cloven, part passing 
westwards to the Atlantic and part southwards through the North 
Channel to the Irish Sea, 

As the ice increased in thickness, it graduall}’' overtopped and 
submerged the cliffs of the Antrim coast and the Silurian uplands 
of County Down. The track of this ice is marked by the occur- 
rence of Scottish erratics, including several easily identifiable rocks 
from Arran, and, most important of all, the riebeckite-eurite of 
Ailsa Craig. It has been shown that the ice of this glacier covered 
the whole of the counties of Antrim and Down and extended at 
least as far south-westwards as the town of Monaghan, whence 
the Ailsa Craig rock has heen recorded. 

Pi’of, J. K. Charles worth informs me that he has found pebbles 
of flint in the drift on the flanks of Slieve Beagh, an observation 
which confirms the westward movement of the ice in this region, 
since the Cretaceous rocks occur only north-east of that locality. 

Though much of the country formerly covered by the Scottish 
ice was subsequently glaciated from the west, sufficient evidence 
remains in the distribution of remanie pebbles of Ailsa-Craig 
eurite and in the occasional occurrence of I'elics of an older boulder- 
clay (the contents of which indicate a movement of ice from the 
north-west) to support the conclusion that nearly the whole of the 
area described in this paper was invaded by the Scottish ice. The 
general trend of the ice-movement at this early stage is shown on 
the map (fig. 12, p. 419). 

During this i^eriod there was doubtless much ice among the 
hills of Donegal, and an extension thereof accompanied by a 
shrinkage of the Scottish ice was responsible for the second phase 
of the glaciation of the north-eastern counties. 

Two views are possible as regards the transition from Scottish 
to Irish glaciation : either the Scottish ice z’etreated, and left the 
ground vacant for the subsequent advance of the western glacier, 
or the two ice-sheets were in contact throughout the period of the 
Scottish reti'eat. I am of opinion that the latter of these hypo- 
theses is the true one, and I base my view on the following facts 
The track of the western ice throughout this district is marked by 
the presence of erratics from the Tyrone Axis ; and the absence of 
these rocks from a large part of the area east of Lough Neagh 
and the line of the railway near Antrim Towji and Cookstown 
Junction has already heen discussed. The glacier which carried 
the Tyrone z'ocks to Randalstown and to Moira was sufficiently 
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powerful to reach Coleraine on the one hand and Newcastle 
(County Down) on^the other, and yet it apparent^ -failed to reaeli 
the eastern shore of Lough Neagh, or the low-lying land east of 
Cookstown Junction and round Ballymena. This, in my opinion, 
can only be explained on the supposition that those parts of the 
area were still occupied by lobes of the Firth-of- Clyde Glacier, 
which penetrated the country by wa^" of the Ballyclare and Temple - 
patrick Talleys, the vallej^ of the Bi-aid Kiver above Broughsliane. 
and Glenravel by way of Parkmore. 

Fig- 12. — General direction of the ice-movement during 
the earlier stages of the glaciation. 



The western ice which crossed the Belfast Talley in the neigh- - 
bourhood of Moira and Portadown, and ascended the Silurian 
uplands beyond, did not flow down the Belfast Tallej^ beyond 
Soldierstown and Lisburn, and this again can only be explained on 
the supposition that the lower part of the valle^^ was still filled by 
the Scottish ice, the deposits from which are there found in such 
profusion. 

In this connexion the two boulder-clays and the cross-strife on 
the uplands 3 miles south of Newtowuibreda are of considerable 
interest. Although neither of the claj-s is known to contain the 
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T3H’one rocks, there is reason to believe that the up^Der one came 
from the west. It was prohabty formed, not by the direct action 
of the western ice, but becanse the head of the Scottish lobe which 
penetrated the Belfast Valley was deflected eastwards by the 
pressure of the Tyi*one ice. 

At its inaxiimim extension the Irish ice probably reached the 
sea at the mouth of the Bann, and possibl^^ from Bushmills to 
Ballycastle ; but the traces of its maximum extension may have 
been obliterated by a subsequent i*e-advanee of the Scottish ice, 
for which there is a considerable amount of evidence. This 
question will be dealt with later. 


Fig. 13. — Qenerctl direction of the ice-movement at a later stage, 
lolien the Irish ice was at its maximum. 



In an easterly and south-easterly direction the Irish ice reached 
the sea at Newcastle (County Down), and at Dundalk, crossing 
the Silurian hills of County Monaghan at elevations uji to 
1200 feet. This stage of tlie glaciation is shown on the map 

(%. 13 ). 

After the maximum of the western ice-sheet, the Scottish ice 
would appear to have re-advanced, but whether in response to a 
-diminishing thrust on the j)art of its Ii'ish opponent, or to an 




part 3] GiiAciATioi?' of xoeth-easteek- ieeland. 421 

.actual accession of power on its own part, there is insufficient 
evidence to show. 

The great morainic sj^stem extending from BallYmonej to 
Olenshesk, with its correlated overflow-channels and lakes, the 
:spi*eads of out wash -gravel ^iu the valley of the Bann at Macfin, 
and the houlder-elay and giavels with Liassic materials at 
Brummaqiirll belong to this stage. 

I tender my thanks to Mr. 11. J. Welch, M.R.I.A., and to 
Mr. Robert Bell, F.M.S., who have frequently placed their intimate 
Icnowledge of the area at my disposal, and to many members of 
the Belfast Naturalists’ Field- Club for the use which I have made 
■of their records of erratics. I wish also to thank Prof. J. K. 
•Charles worth for information which he has from time to time 
given me with regard to the progress of his work on the glacial 
geology of the district to the west of that described in the present 
paper, and for his valuable suggestions and help 'when we traversed 
■together the borderland of the two areas. 


EXPLANATION OP PLATES XXIII & XXIT. 

Plate XXIII. 

Tiew looking north-wards down the Loughaveema Channel. (See p. 360.) 

Plate XXIV. 

Altiffirnan Glen, Oarneig'haneig’h in the distance. (See p. 361.) 

Discussion, 

Mr. Gr. W. Lamplugh congratulated the Author upon the 
results of his wdde investigation, -which had thrown much new 
light upon the glaciation of North-Eastern Ireland. The limits 
■of the western ice and its behaviour in regard to the invading ice- 
flow from the north-east were now made clear ; and the detailed 
‘study of the physiographieal features carved out by the ice-dammed 
drainage enabled us to visualize the conditions during all stages 
;sub sequent to the maximum glaciation. 

He asked whether the researches of the Author had led him to 
any conclusion as to the unsatisfactory ‘ upper boulder-elay % which 
in this area, as in others, presented many problems in its composi- 
■tion and sporadic mode of occurrence. Had any deposits indicative 
•of ^ interglacial ’ conditions been discovered in the area examined ? 

The Author replied that he regarded the presence of boulder- 
'clay above the current-bedded sands and gravels as evidence of 
periodic re-advances of the ice during the period of retreat, and 
there was no reason to suppose that the deposits, although similarly 
.arranged, were contemporaneous in different parts of the area. 

With regard to the question of interglacial periods, the Author 
Jinew of only one deposit in the district under consideration which 
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could possibly be iutei'iDreted as having l>een formed in such a 
l^eriod* This was a bed of silt near the mouth of tlie Dun Kiver 
at Cushendun, at low-w’ater level. The silt rested upon boulder- 
clay. so far as could be seen, and was covered by current-bedded 
gravels. These gravels are considered. by the Geological Survey 
to be part of a raised beach, in which case the silt is (in ail 
probability) post-Glacial. The silt yielded a few hazel-nuts, a 
root doubtfully referred to a species of willow, and a vertebra of 
a young ing. 


[September 22nd, 1923.] 
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IG. 2Vir GtEotoctA' of the Schists of ilie SuniciiAELiox Dis- 
TTMCT (Peethshihe). Bv Eexest Massox Axdkesox, 
M.A., B.Se., F.R.S.E., F.G.S. (Read March 14th, U>23.) 
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I. Inxeoductoey. 

The district studied extends from the northern slopes of Cam 
Mairg across Strath Tummel, and includes a part of the valley of 
the Erroehtj^ Water. Except for some later intrusions, it is oecu- 
X^ied entirely hy crystalline schists. These belong in part to the 
series of Struan Flags — the probable etxuivalents of the Moine 
Gneisses of the more northern Highlands — and in a greater part 
to the so-called Dalradian Series, which here projects along a 
north-and-south axis for about 7 miles into the flags. The area 
includes the best develoxmient of the well-known Schichallion 
Boulder Bed, and has a historical interest from its association with 
Maskelyiie’s Schichallion exx^erimeiit, which in itself led, at an 
earty date, to a certain study of the geology.^ 

The district was mapi^ed about the year 1900 hy the late 
Mr. J. S. Grant Wilson, of the Geological Survey. Although a 
succession not x^reviously recognized forms the basis of the map 
now x^i’^^sented, the latter follows Wilson's in many of its main 
features, and the investigation of the area would have been a task 
of far greater ditticulty without the guidance of his previous work. 

1 am to a great extent indebted to Mr. E. B. Bailey for the 
inspiration which led me to take an interest in the problems of 
the Southern Highlands. Mr. Bailey, in a x>reYious traverse of the 
ground here described, had anticipated that part of the conclusions 
of this x^ax^er which concerns the divisions of the Quartzite Groux), 
and the relations of the rocks on its ox^x^osite sides. He has also 
made as unpublished observations on this Group in the neigh- 
bouring district of Blair Atholl, which he kindly gives me leave to 

^ John Playfair, * Account of a Lithological Survey of Schehallien, made 
in order to Determine the Specific Gravity of the Rocks which Compose that 
Moimtain’ Phil. Trans. Roy. Soc. vol. ci (1811) p- 347. 

Q. J. G. S. No. 316. 2 a 
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quote. Certain other points which have a bearing on the geology 
of the area dealt with here are discussed in a paper whioli was 
recently presented b^’' Mr. Bailey to this Society.^ 

In the Geological Survey Memoir- which accompanies the pub- 
lished mai3 of this and the s\irrounding districts in Perthshire 
(1-inch Sheet 55, Scotland) the following (I)alradian) sequence is 
recognized : — 

r Quartzite and quartz- schist with pebbly cong-lomerate. 

J Schichallion Conglomerate (‘Boulder Bed’). 

1 Limestone (‘ Blair Atholl’). 

(_Black Schist. 

Phyllites, etc. (‘Ben Lawers Schist’). 

Garnetiferous mica-schist. 

Limestone (‘ Loch Tay ’). 

Garnetiferous mica-schists (‘ Pitlochry Schists '). 

Green Beds. 

Schistose grits (‘ Ben Ledi Grits and Schists ’). 

The four members included in the bracket were supposed to ].>o 
the only part that was present in the Schichallion district. Of 
this sequence the Quartzite was taken to he the upper limit, and 
the latest in point of time, with an unconformity at its base which 
caused it to rest upon either conglomerate, limestone, black schist, 
or phyllites. 

. I do not, in the present paper, propose to discuss the i*emainder 
of the sequence. It was taken to be in noi'mal descending order, 
down to the Ben Ledi Grits. A more or less vertical belt of black 
schist, with an associated dark limestone, runs across much of the 
1-inch sheet, and separates the main Quartzite outcrop which lies 
on the north-west from a Ben Lawers Schist area on the south- 
east, There can be no doubt that the sequence Quartzite — Black 
Schist — Ben Lawers Schist, which is seen along this belt, is con- 
tinued south-eastwards, in the order given in the Memoir, to the 
Ben Ledi Grits. Prom the Ben Lawers Schist to tlie Grits it is a 
descending structural sequence,^ of which the lowest members come 
to the surface on the south-east. 

North-west of the belt of black schist just mentioned, matters 
are much more in dispute. Tins belt is highly gx'a])hitic in 
character, and shows a type of slaty cleavage which is absent 
from most of the rocks in the district. Black lustrous surfaces, 
developed along the cleavage, and usually at a slight angle to the 
sedimentary handing, are typical of this zone. The belt forms the 
summit of Ben Pagach, 9 miles east of Schichallion, and any 
black schist which is certainly on this horizon will be designated 
Ben Eagach Schist. Mr. G. Barrow, while accepting the 
Survey view that the Quartzite is later than the Ben Pagach 

1 ‘ The Straoture of tlie South-West Highlands of Scotland ’ Q. J. G. S. 
vol. Ixxviii (1922) p, 82. 

® ‘ The Geology of the Country round Blair Atholl, Pitlochry, & Aberfeldy ’ 
1905. 

This statement does not apply without qualification to other 1-inch sheets 
of the Geological Survey map. 
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Schist, lias advanced the opinion that the limestone and tlie 
associated ‘dark or leaden ’ schist of the Blair Atlioll and Braemar 
districts are later than the (Juartzite, and tlms separate from the 
rocks of the Ben Bagach zoned ]Mi\ Barro^v also holds that the 
Qviartzite has U 2 >per and nether ‘'edges’ of distinctly different 
characters. 


JI. Divisions of the Quahtzite Geovp. 

The Ben Eagaeh belt is laterally shifted l^y the Loch Tay Fault. 
West of this displacement the outero]) of black schist is more eoin- 
plicated ; but the zone occurs without <:|uestion on the south .side 
of Cam Mairg. The quartzite wliich borders the belt is marked 
by a predominantly pebbly ehaiiicter. ZS’on-pcbbly bands occtu' as 
alternations, but are nowhere predominant. The pebbles, altliough 
sometimes larger, are perhaps most commoidy of the size of peas. 
They consist of quartz and felspar, but those of quartz are must 
numerous. The higher parts of Cam Mairg show a typical develop- 
ment of this pebbly (piartzite. 

A small area of black schist, on the northern slope of the same 
hill, is surrounded by the pebbly quartzite, and from its highly 
graphitic character is certainly an infold of Ben Eagaeh Schist. 
This area is on the southern margin of the district which has been 
investigated, and will be used as a starting-point in the discussion. 

A traverse beginning at this infold, and directed noi’th-north- 
oastwards,” crosses first a zone of pebbly quartzite aboiit a quarter 
of a mile wide. Following this is a broad belt of a somewhat 
distinctive grey mica-schist or granulite, with abundance of white 
mica. After nearly a ^iiile of this politic type has been crossed 
with almost vertical dip, a quartzite is reached, which, from the 
almost entire absence of pebbles, it is impossible to suppose can be 
the .same as that of Cam Maii*g. This quartzite foxTiis a strip 
running north-west and north, as shown in the map (PL XXV). 
Where crossed by the traverse it is flanked on the north-east by 
another belt of grey luiea-scdiist, exactly similar to that already 
mentioned, and this again by a broad outcrop of non-pebbly 
quartzite, which includes in its course the higher parts of Schieh- 
allion. 

Let us now follow these various outcrops along their strike. 
The Cam Mairg pebbly quartzite continues with steep dips in 
wedge-shaped fashion to the north, and, although it thins very 
much, it can be traced to beyond the Kiver Tummel. Through 
the latter part of its course it is bordered on the west by a highly 
graphitic rock, along with a rock showing segregations of ealcite, 
and containing aeicular actinolite-crystals, which resembles certain 
parts of the * cale-serieite ’ or Ben Lawers Schist. Much of this 
area is drift-covered, and the geology is further obscured by 
hornblende-schists which are probably original intrusive masses of 

* ‘ On the Moine Gneisses of the East Central Hig-hlands, their Position 
in the Highland Sequence ’ Q. J. G. S. vol. lx (1904) p. 400, 

Kot precisely along' the line AB of the horizontal section (PI. XXV). 

2 &2 
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quote. Certain other points which have a bearing on the geology 
of the area dealt with here are discussed in a paper which was 
recently presented by Mr. Bailey to this Society.^ 

In the Geological Survey Memoir ^ which accompanies the pub- 
lished map of this and the surrounding districts in Perthshire 
(1-inch Sheet 55, Scotland) the following (Dalradian) sequence is 
recognized : — 

f Quartzite and quartz-schist with pebbly conglomerate. 

J SchichaUion Conglomerate (‘ Boulder Bed ’). 

1 Limestone C Blair Atholl *)• 
hBlaok Schist. 

PhylliteSj etc. (‘Ben Lawers Schist’). 

Grarnetiferous mica-schist. 

Limestone (‘ Loch Tay ’), 

Garnetiferous mica-schists (‘ Pitlochry Schists’). 

Green Beds, 

Schistose grits (‘ Ben Ledi Grits and Schists ’). 

The four members included in the bracket were supposed to I'c 
the only pai’t that was present in the SchichaUion district. Of 
this sequence the Quartzite was taken to he the upjjer limit, and 
the latest in point of time, with an unconformity at its base which 
caused it to rest upon either conglomerate, limestone, black schist, 
or phyllites. 

, I do not, in the present paper, propose to discuss the remainder 
of the sequence. It was taken to be in normal descending order, 
down to the Ben Ledi Grits. A more or less vertical belt of black 
schist, with an associated dax'k limestone, runs across much of the 
l-inch sheet, and separates the main Quartzite outcrop which lies 
on the noi’th-west from a Ben Lawers Schist area on the south- 
east. There can be no doubt that the sequence Quartzite — Black 
Schist — Ben Lawers Schist, which is seen along this belt, is con- 
tinued south-eastwards, in the order given in the Memoir, to the 
Ben Ledi Grits. Prom the Ben Lawers Schist to the Grits it is a 
descending structui-al sequence,® of which the lowest members come 
to the surface on the south-east. 

North-west of the belt of black schist just mentioned, matters 
are much more in dispute. This belt is highly gi’aphitic in 
character, and shows a type of slaty cleavage which is absent 
from most of the rocks in the district. Black lustrous surfaces, 
developed along the cleavage, and usually at a slight angle to the 
sedimentary banding, are typical of this zone. The belt forms the 
summit of Ben Pagach, 9 miles east of SchichaUion, and any 
black schist which is certainly on this horizon will be designated 
Ben Eagaeh Schist. Mr. G. Barrow, while accepting the 
Survey view that the Quartzite is later than the Ben Eagach 

^ ‘ The Structure of the South-West Highlands of Scotland ’ Q. J. G. S. 
vol. Ixxviii (1922) p. 82. 

^ ‘ The Geology of the Country round Blair Atholl, Pitlochry, & Aberfeldy ’ 
1905. 

^ This statement does not apply without qualification to other l-inch sheets 
of the Geological Survey map. . 
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Schist, lias advanced the opinion that the limestone and the 
associated ‘ dark or leaden ’ schist of the Blair Atholl and Braeiiiar 
districts^ are later than the Quartzite, and thus separate from the 
rocks of the Ben Eagach zone4 IVIr. BarroAV also holds that the 
Quartzite has upper and nether edges ’ of distinctly diifereiit 
characters. 


II. Divisions of the Qt'ahtzite Giiurp, 

The Ben Eagaeh belt is laterally shifted by the Loch Tay Fault. 
West of this displacement the outcrop of black schist is more com- 
plicated ; but the zone occurs without question on the south side 
of Cam Mairg. The quartzite which borders the belt is marked 
by a predominantly pebbly ehamcter. Non-pebbly bands ocem* as 
alternations, but are nowhere predominant. The pebbles, although 
sometimes larger, are x>erhaps most commonly of the size of peas. 
They consist of quartz and felspar, but those of quartz are mo^t 
numerous. The higher parts of Cam Mairg show a typical develop- 
ment of this pebbly quartzite. 

A small area of black schist, on the northern slope of the same 
hill, is surrounded by the pebbly quartzite, and from its highly 
graphitic character is certainly an infold of Ben Eagaeh Schist. 
This area is on the southeini margin of the district which has been 
investigated, and will be used as a starting-point in the discussion. 

A traverse beginning at this infold, and directed north-north- 
eastwards,*'^ crosses Hrst a zone of pebbly quartzite about a quarter 
of a mile wide. Following this is a bi’-oad belt of a somewhat 
distinctive grey mica-schist or gimmlite, with abundance of white 
mica. After nearly a mile of this pelitie type has been crossed 
with almost vertical dip, a quartzite is reached, wrhich, from the 
almost entire absence of pebbles, it is impossible to sup}X)se can be 
the same as that of Cam Mairg. This quartzite forms a strip 
running north-west and north, as shown in the map (PI. XXT). 
Where crossed by the tmvei*se it is flanked on the noi'th-east by 
another belt of grey miea-scliist, exactly similar to that already 
mentioned, and this again by a broad outcrop of non-pebbly 
quartzite, wdiich includes in its course the higher parts of Schieli- 
allion. 

Let us now follow these various outcrops along their strike. 
The Cam Mairg pebbly quartzite continues with steep dips in 
Avedge-shaped fashion to the north, and, although it thins very 
much, it can be traced to beyond the Kiver Tummel. Through 
the latter part of its course it is bordered on the west by a highly 
graphitic rock, along with a rock showing segregations of calcite, 
and containing acicular aetinolite-crystals, which resembles certain 
paiHbs of the ‘ calc-sericite ’ or Ben Lawers Schist. Much of this 
area is drift-covered, and the geology is further obscured by 
hornblende-schists which are probably original intrusive masses of 

* ‘ On the Moine Gneisses of the East Central Highlands, & their Position 
in the Highland Sequence ’ Q. J. G. S. vol. lx (1904) p. 400. 

® Hot precisely along the line AB of the horizontal section (PI. XXV). 

2 g2 
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l)asie ignooiis rock, irregularly introcliieecl among tlio sediments. 
There is, hoAvever, one point near the summit of Creag an Fhithicli 
(three-quarters of a mile south-south-east of Kiiiloch Rannooh) 
where the succession ?Ben Lawers Schist — graphite-schist — pebbly 
quartzite is clearly visible. The correlation of the graphitic rock 
with the Ben Kagach Schist is, therefore, almost certainly justified, 
and it should be noted that the occiiiTence in this area both of 
Ben Lawers Schist and of ‘Black Schist’ had been suspected by 
jNIr. (irant Wilson. 

The two belts of grey mica-schist and the two belts of non- 
pebbly quartzite are fairly jjersistent, as each is traceable for <5 or 
0 miles in a curving course, with certain variations of thickness. 
The dips are nearly always steep, and sometimes vertical. As the 
Central Highland Cjuartzite has always been taken to- include the 
rock which forms Schiehallion, these facts seem to justify the con- 
clusion that tlie former does not consist of one member, but is a 
composite group. A. fivefold division might seem to he indicated, 
but against this view must bo noted the gi'oat similarity of the 
rock composing the two belts of miea-sebist. The two belts of 
non-pebhly quartzite are also indistinguishable in character, and 
this suggests that only three members are present, two of wdiich 
are repeated by folding or some line of disruption. More con- 
vincing evidence of the division being only threefold had been 
obtained by Mr. Bailey in the Locb Tummel and Killiekrankie 
districts before I had mapped this part of the ground, and, relying 
on liis so far unpublished work, I have divided the Quartzite 
G-roup into three, as shown in the table (p. 4-27). The non- 
pebbly and pebbly quartzites may be ap})ro})riately named the 
Schiehallion Quartzite and the Oarn Mairg Quartzite, 
while the mica-schist division has been named by Mr. Bailey the 
Killiekrankie Schist. 

Turning next to the further side of the Quartzite, we may note 
that tlie non-pebbly hand which foniis the higher j)arts of 
Schiehallion can be traced at least as far as the southern slopes of 
Beinn a’ Chuallaich. For all this distance it has the grey mica- 
schist (Killiekrankie Schist) on the south and west, and the well- 
known Sehichallioii Boulder Bed on the east and north. The 
three formations are jointly affected by a change of dip which 
takes place W'e.st of Schiehallion. In that mountain itself the 
Boulder Bed dips under the Quai’tzite, while farther north the 
Killiekrankie Schist and Quai'tzite dip more or less steeply under 
the Boulder Bed, 

There is thus, I think, clear evidence, not only that the 
Quartzite in this district has separate ‘ edges ’ : that is, both top 
and bottom, but also that the Boulder Bed is on the opposite side 
of the Quartzite from the Ben Eagaeh Schist and the remaining 
members of the Southern Perthshire succession. This conclusion, 
founded on what has been observed in the district under discussion, 
lends strong suppoi't to one part of the views put forward by 
Mv. Barrow with reeard to the succession somewhat father east. 
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III. The Beds uetweex the l^rAinziTH xsd the 
Struax Fj.aus. 

Xortli and east t'»£ the hounding strij> ot* Jioulder Bed. it is 
easy to^ distinguish a series of roek-tv})Cs, whieli I believe fe-ni 
a strati graphical sequence in continuation that Avhieh has ]»een 
already made out. Tliese are the four lowest nieiubers (^f tla* 
following table, whieli is intended to re]»resent the suceession in an 
area extending from the Sehichalliun district to the south-eastern 
corner of blieet oo of the Survey map. That part of the series 
which is jwesent near Seliiehallion is ineliided in the larger bracket. 

Beu Letli Grits. 

Green Beds. 

tTarnetiferoas miea-sehist (Pitloeliry Seliist), 

Locli Tay Limestone. 

Gametiferous miea-schitet <Ben Lui 
I Ben Lawers Sclii>.t. 

Ben Eag-ach Schist. 

Oarn Mairg Quartzite. 1 

Killiekranhie Schist. [ Quartzite 

Seliiehallion Quartzite, with ( Group, 

intercalated Boulder Bed. J 

Main Boulder Bed. 

White Limestone. 

Banded Series. 

Gre 3 ’’ Limestone. 

, Grey Schist. 

The beds not included in the bmeket, and the succeeding mem- 
bers as far as the Quartzite Group, are in inverted oi*der. when 
compared with the previous table (p. 424). For reasons which 
will afterwards be given, I think it likely, though not convincingly 
proved, that the foregoing succession, when read upwards, is in 
true chronological order. 

Grey Schist. — This is a politic or micaceous type, eontainiiig 
both white and brown mica. It is often .so coarse a.s to be delinable 
as a muscovite-biotite gneiss. The biotite is sometimes very 
largely altered to chlorite, while the non -tiaky constituents include 
(juartz, plagioclase (oligoclase to andesine), kyanite (sometimes 
well developed), and inconsjiicuous garnet. Two slides have been 
made of this rock in its coarser jihase ; both contain finely dis- 
seminated carbonaceous material, and one show's distinct flakes of 
graphite. The presence of this mineial would not be suspected in 
the hand-specimen ; but, wdiere the rock is finer, its graijhitie 
nature is sometimes more pronounced. The Grey Schist nuist 
have been, though to a less degree than the Ben Bagach Schist, i\ 
carbonaceous sediment. Both these rocks \vere classed as Black 
Schist ’ in the Geological Survey map and memoir, but that name 
is more appropriate in the case of the Ben Eagacli Schist. The 
two can easily be distinguished on field evidence, by the much 
more sparing occurrence of highly graphitic layers in the Grey 
Schist, at least so far as the district here described is concerned. 
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A very fine-grained pelitic rock is associated with the Grey 
Schist in one or two localities. It consists for the greater part of 
qnartz, muscovite, and biotite, in minute grains and flakes, or of 
(juartz and biotite with a certain amount of orthoclase. It is, how- 
ever, ])artly calcareous, and one slide with calcitic lamiine shows 
fairly abundant scapolite. Carbonaceous material appears to bo 
con lined to the calcareous portions. 

Grey Limestone and White Limestone. — These two, 
although separated by tlic Banded Series, are treated together for 
comparison. They are both coarsely crystalline non-dolomitic 
marbles. The former is the more massive, and, on the whole, the 
more purely ealcai*eous type. A microslide of the Grey Limestone 
shows a matrix of large giuins of ealcite, enclosing some flakes of 
muscovite. There is an entire absence of any magnesian mica. 
The calcite contains a certain quantity of fine-grained carbonaceous 
material similar to that found in the Grey Schist. Two slides of 
the White Limestone both show magnesian mica, and one has 
finely-developed tremolite, which is well seen in the hand-specimen. 
In neither case is there cai'bonaceous material. These distinctions 
correspond more or less with the diferenees observed in the field. 
The Grey Limestone is typically dark when uuweathered; and 
the weathered material, though lighter, has usually a perceptible 
greyish tint. The White Limestone is lighter when un weathered, 
and has a characteristic creamy weathering. The brownisli mag- 
nesian mica seen in the slides is a very common constituent. 
Samples of Grey Limestone dissolved in hydrochloric acid leave a 
residue which is partly black, with the property of marking paper, 
while this type of material is absent from White Limestone residues. 
It is, therefore, fairly clear that the Grey Limestone owes its colour 
to the j^resence of carbon. 

Banded Series. — This division was taken by Mr. Wilson to be 
a ‘ sheared’ part of the Quartzite. It contains at least one rather 
massive band of quartzite, but consists for the greater part of very 
rapid alternations of siliceous and micaceous rock. The two t^q^es 
are sharply contrasted in colour, owing to the large amount of 
biotite in the micaceous layers. Often several bands of each type 
are crossed in the distance of a foot. 

There is a tendency to rusty weathering in this series, and it is 
only with difficulty that fresh material can be obtained. A slide 
cut from a siliceous band shows a mosaic consisting of about 75 
per cent, of quartz-grains, and 25 per cent, of felspax\ The latter 
is altering into some flaky material, and the individual quartz- 
grains are surrounded by films of limonite. A slide cut from a 
micaceous band shows abundant flakes of dark biotite, set in a 
matrix like the rock just described. The felspar is however 
unaltered, and, though un twinned, is either oligoclase or andesine. 
Muscovite is entirely absent. 
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lY. CHIlO^''OEOGTCAL OllDER OF SrCCESSIO>*. 

General considerations, — The evidence for the relative 
order of these four divisions, and their relation to the Boulder Bed, 
lies wholly in their surface-distribution, as shown by the mapping. 
The Banded Series is an almost unmistakable type, and there aiv 
numerous sections in which one passes from it across Grey Lime- 
stone into Grey Schist ; while, again, one constanth' passes from 
Banded Series into Boulder Bed, with or without an intervening 
White Limestone. The White Limestone, it is true, is sometimes 
absent. This may be due to an unconformity, or to the fact that, 
being the thinnest member of the series, it is the most liable to be 
cut out by unrecognized lines of movement. 

Alternative methods of reading the succession have been tried, 
hut without success. For instance, the Banded Series contains 
what is here regarded as an intercalated quartzite. Could thi> 
quartzite, however, be that of Schichallion ? The answer is 
that banded material is not observed along the margin of the 
Schichallion belt, and it is unlikely that, if this division had mpidly 
thinned out, its shore-line should everywhere be concealed by a 
comparatively narrow strip of Boulder Bed. 

Errochty section. — A study of the district south of the 
River Tummel is enough in itself to decide the sequence, but 
ample confirmation can be found in the area farther north. East 
of Druimchastle hands of Killiekrankie Schist, Schichallion 
Quartzite, Boulder Bed, White Limestone, and Banded Series 
descend the hill- slopes in that order. A more complete section 
is seen in the Errochty Water, near Trinafour, West of the 
junction of the Dalradian System with the Struaii Flags, some 
distance above the new, but below the old bridge, the Grey Schist 
is first met with. The old bridge rests upon a foundation of Grey 
Limestone, and above it the Banded Series is crossed. This ends 
with a narrow band of White Limestone, the other side of which 
is a small fault, bidnging on the Boulder Bed, The limestone is, 
however, repeated a little farther up stream, and seen in unfaulted 
contact with a calcareous rock, which merges into the con- 
glomerate. Higher up stream the latter gives way to Quartzite, 
and finally to a broad belt of Killiekrankie Schist. 

The evidence for the lower part of the succession shown in the 
table (p. 427) has now been presented. The tipiier part extends 
through a large area of Perthshire, and has not been a subject of 
dispute. If the lower part is accepted, and proves capable of 
extension to other districts, it is suggested that the vrhole sequence 
should be known as the Perthshire Dalradian Succession. 
So far, I have not been dealing with the question whether the 
time-sequence of the table is up or down. 

Boulder Bed. — There are, as shown in the table, possibly two 
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liol’izons of Boulder Bed, the main bed already mentioned in the 
text, and a thinner bed which is intercalated in the Scliichallion 
Quartzite. 

As recognized in the Geological Survey memoir, the main bed 
consists of two subdivisions. One of these has a micaceous, 
merging in places into a partly siliceous, matrix, while the other 
is highly calcareous. On the hill-slope east of Bruimchastle the 
former division borders the Quartzite, and the latter the White 
Limestone. The same ai’mngement holds in the Errochty Water, 
except where the limestone is margined by a fault. There can be 
little doubt that this is the general relation, though one or both 
of the subdivisions may be missing, and the sequence is often 
confused by minor folds. 

The non-calcareous part of the Boulder Bed is extraordinarily 
imbedded. The, uniformity of the matrix and the haphazard 
arrangement of the boulders strongly suggest that it is a tillite,! 
or altered boulder-clay. The character of the boulders is dis- 
cussed in the Memoir, and it need only he mentioned that they 
consist for the greater part of quartz and quartzite, and ‘ granite ’ 
or nordmarkite. The calcareous division has often markedly 
carious weathering, and has been named by Grant Wilson the 
Gioneycomb I’ock.’ It contains abundant inclusions of a sub- 
stance which may be the White Limestone. Their derivative 
nature might possibly l^e questioned, as they resemble the segre- 
gations of calcite which occur in some parts of the Ben Lawers 
Schist. Thei’e is, however, a small but detinite admixture of 
quartzose fragments, which j^rove this division to be an integral 
part of the Boulder Bed. 

It is worthy of note that what are apparently limestone frag- 
ments are not confined to the calcareous division of the Boulder 
Bed, but occur more sparingly in the non-calcareous part. Within 
my experience these are best seen in the strip of Boulder Bed which 
borders the Sehichallion quartzite-belt, beside a small stream not 
shown in the 1-ineh map, at a 2>oint 1500 yards north-east of the 
summit of Sehichallion. This observation has an important 
bearing, as it is hardly jjossible to question that, in this case, we 
are dealing with fragments of a pre-existing calcareous rock. The 
material is creamy weathering, and iion-doloinitic, and may well be 
derived from the White Limestone. This would imply that the 
Boulder Bed was the later formation. If this be not the chrono- 
logical order, thei-e is no member of the succession nearer than the 
Ben Lawers Schist that can be regarded as a source. 

^ A grlacial origin is assigned to the Portaskaig Conglomerate by James 
Thomson, who, however, did not class it as bonlder-clay (‘ On the G-eology of 
the Island of Islay’ Trans. Greol, Soc. Glasg. vol. v, ISV?, p. 211). The point 
has been discussed by Mr. Bailey (‘ The Islay Anticline ’ Q. J. G, S. vol. Ixxii, 
1916-17, p. 142). The identity of this conglomerate with the Sehichallion 
Boulder Bed has been regarded as probable since the time of Maccullooh ; 
hut, as regards the latter bed, the suggestion that it is a tillite does not yet 
seem to have appeared in print* 
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The .siliceous fi-agments in the Boulder Bed may he derived in 
part from intercalations in the Banded Series, although it is pos- 
sible that many of them were originally vein-(]uartz. Tlie ‘ granite 
boulders are the only type fi>r which there is no possible local 
source. The latter have not been fVanul in the calcareous division, 
and are nowhere more abundant than tpiite close to the Quartzite 
edge. If the order in time is Quartzite — Boulder Bed — Limestone, 
thi.s iinjilies that the only constituents of the conglomerate whicli 
are certainly far- travelled were among the very earliest to arrive 
in siftf. If this order holds, it may also be noted that the Boulder- 
Bed, when dejiosited, must liaA'e had a calcareous to}>. The early 
arrival of the ^ granite ’ seems to be an unlikely feature in a tillitc. 
The calcareous top — if it be a top — is co erlain by limestone, and if 
it be a boulder-clay top this can only be regarded as a curious 
coincidence. Bxee 2 :>t, however, where, as noted below, it comes 
against the Quartzite, the Limestone is always Hanked l)y the 
* honeycomb ‘ rode, and the two appear to have a fundamental 
connexion. In fact the glacial hyjiothesis almost certainly implies 
that the order -was Limestone— Bonlcler Bed — Quartzite, and, even 
apart from an ice-age, the facts are most readily explained if this 
w’as the case. 

If this conclusion he correct, the order of superposition is tliat 
given in the amended table (p. 427), and the (irey Schist is the 
oldest Dalradian rock in the district. 

This conclusion is in agi'eement with the facts recorded by 
Mr. Bailey in Islay.^ The Portaskaig Conglomemte has, as is well 
known, a remarkable re.semb]anee to the Schicballion Boulder Bed, 
and Ml'. Baile 3 " has found I'eason to believe that the former is 
succeeded in point of time bv" the Ishw Quartzite, which ina\’ well 
he the equivalent of the Perthshii’e Quartzite Group. 

The conglomerate which is supposed to be inter- 
calated in the Schicballion Quartzite has a matrix that is 
more siliceous than any exposure which cei'tainl^* belongs to the 
Main Boulder Bed. It forms two narrow strips on the northern 
slope of Schichallion, which are flanked on both sides quartzite. 
One of these is onlj^ about 100 j^ards from the upper margin of 
the botmding band of Main Boulder Bed, which has already" been 
mentioned. The narrow strip is here t^'picalB’' siliceous, while the 
main bed has a micaceous matrix, right up to the edge of the 
quartzite. Unless, therefore, one regards the former as an inter- 
calation, one must suppose the margin of the main bed to undergo 
very rapid lateml variation. Although the point is far from 
certain, I regard the former as on the whole the more probable 
hy-pothesis, and have followed the Surveys map in separating the 
two conglomerates. The siliceous tyjie contains large bouldei's of 
‘ granite,’ and pieces of a finei'-grained acid igneous rock, which is 

1 ‘The Islay Anticline’ Q. J.aS. vol. Ixxii (1916-17) pp. 132-59 ; see, in 
particular, p. 143. 
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also present in the Main Boulder Bed. These constituents may 
have been derived from the main bed by fluviatile or marine 
erosion. This theory assumes that the Quartzite is the later 
deposit, and that there is a certain amount of overlap at its 
base. It is unnecessary'' to suppose a readvance of the hypothetical 
ice-sheet. 

delations of the Boulder Bed. — It is probable, in any 
case, that the base of the Quartzite overlaps the Main Boulder Bed. 
A ground-moraine deposited on an irregular land-surface might 
well be absent in places, and this may explain the fact that the 
Quartzite is sometimes in very close proximity to the White Lime- 
stone. This is seen, for instance, in a tributary of the Errochty, 
about a mile west of the old bridge which crosses the parent stream. 
(It may, however, be due in part to lack of exposures that the 
Main Boulder Bed cannot be more continuously traced.) The 
White Limestone, as before remarked, is, for one reason or another, 
very inconstant. The Banded Series is relatively persistent, but 
at the northern end of the projecting area of Dalradian rocks most 
of this series appears to be absent, as well as the two members 
above it, in such wise that the Quartzite approaches the underlying 
G-rey Limestone. How far these facts are due to erosion, and how 
far to subsequent movement, is difficult to determine. It seems, 
however, reasonable to assume that there was a period of elevation 
either before or after the formation of the Boulder Bed, which 
accounts for its irregularity. Even if the conglomerate was formed 
on a flat surface, its partly calcareous matrix and the limestone- 
fragments may be explained by glacial erosion. But, perhaps more 
probably, the surface over wdiich the ice advanced was already an 
uneven one. 

The hornblende- schists. — In this account of the strati- 
graphy of the district little mention has been made of the 
hornblende-schists. These are exceedingly numerous, and for the 
greater part they have not been shown in the accompanying map 
(PI. XXV). They occur from top to bottom of the sequence, and 
do not appear to be constant at any particular horizon. They are, 
therefore, probably not original lava-flows, but altered dykes, or 
more likely, from their 'relation to the bedding, at least in large 
part altered sills. Isolated fragments of a similar amphibolite are 
seen in the Boulder Bed of the Errochty Water section. These 
must he the result of the regional metamorphism acting on j)ebbles 
of a rock like that which was concurrently transformed into 
hornblende-schist. It seems jDOssible, therefore, that there wei^e 
two periods of intmsion: one which preceded, and one which 
follow^ed the formation of the Boulder Bed. 
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V- STRUCTrUE OF THE ScHICHALEIOX ArEA. 

The northern sync line. — At their northern limit the 
Dab’iidian rocks are enclosed in a little syneline, which pitches out 
northwards, and are underlain, hoth in that direction, and on 
the east and west, with only a gentle discordance, hv the Struan 
Flags. Within the syneline is an aseending sequence, from the 
Grey Schist to the Sehiehallion Quartzite. 

Followed southwards the syneline broadens, and an area of 
Killiekrankie Schist appears in its centre. At the same time, the 
eastern limb becomes reversed. Somewhat south of the Erroeh ty 
a structure occurs, which may he described by saying that the 
axial plane of the syneline is shifted a mile and a half to the west. 
The strike of the eastern limb is altered from north and south to 
east and west, resuming its original direction about 2 miles north- 
east of the summit of Beinn a' Chuallaieli. The reversed dip of 
this limb is meanwhile maintained at rather a low angle. 

The western limb becomes unrecognizable a little beyond the 
point where it crosses the Frrochty, and the further use of the 
term ‘syneline' refers only to the fact that Dal radian strata are 
bordered on hoth sides, and probably \inderlain, by Hags. Sonth- 
warcls the syneline, as so detined, becomes split by a subsidiary 
anticline. The first sign of this is the appearance of a mass of 
Sehiehallion Quartzite, which forms the summit of Ben a’ Chual- 
laich, and is bordered on hoth sides by Killiekmnkie Schist. 
A strip of Boulder Bed then appears within the Quartzite, which 
at one point is seen iu contact at hoth sides with, and overlying, 
a vertical upfold of ‘ honeycomb rock.’ A little farther south, 
hoth the White Limestone and the Banded Series become visible. 
Although there is uo sign of ordinary faulting, the eastern 
margin of the anticline is here a line of movement, as the 
White Limestone is brought sharply against Killiekrankie Schist, 
and nearer the Tummel the Banded Series is in contact with 
Sehiehallion Quartzite. 

South of the Tummel the ‘ crest ' of the anticline is formed by 
Grey Limestone and Grey Schist. On approaching Sehicliallion 
the strike bends round through south-east to east, while the dip of 
both limbs of the anticline, and of the eastern limb of the main 
syneline changes from steejdy east to an angle of al>out 55' 
southwards. 

The structural succession.— In the foregoing pira- 
graphs it has been assumed that the structural succession seen at 
tlie northern end of the Dalradian 2 >rojection is the geneial order 
of sujierposition in the district, despite minor folds, or even over- 
folds. This assumi^tioii is in agreement with the j'elations of 
Quartzite and * honeycomb rock ’ south of Ben a’ Chuallaieh. It is 
strengthened by the behaviour of the two main groups in the area 
north-east of Sehiehallion. Here a quartzite, which probably 
belongs to the Struan Flag Series, and, if not, certainly overlies 
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these, (lips under a Grey Schist and Limestone belt wliieh is a 
continuation of that which borders the Dalradian jjro jeetion fartlier 
north. The ascending order is : —Struan Fillips : (Jnartzite: Grey 
Schist and Limestone : Banded Series : Boulder Bed : Banded 
Series ; Grey Schist and Limestone : Banded Series: Boulder Bed: 
Schichallion Quart /Ate- belt (see horizontal s(ietion, PI. XXV). The 
second belt of Grey Schist and Limestone marks, as 1 take it, 
the crest of the subsidiary anticline. The Flags must also dip 
under tlie Dalradian Series near the foot <.)f Loch Kannocli, 
although the line between tlumi is liere dilhcult to detine, t^uite 
apart from any evidence outside this distrietd this seems the 
most likely general order, thougli it must ])e emphasized that in 
this particular connexion Ave are considering only the structural 
sequence, as regarded on a large scale. If my (‘onelusion holds, 
then the Dalradian Series as a whole overlies the Struan Flags 
along this ])art of their border. 

Where the Grey Schist is marginal to the Flags, as it is for 
many miles, it mnst he eoncliided that it is struetm’ally the lowest 
Dalradian member. As there is some ground for thinking that it 
is also the oldest, it may follow that tlie I)alra(lian System, although 
intensely folded, has not here ]>een snhjeet to any very broad or 
general inversion. 

This statement is not meant to be apjdied without reservation to 
the area south-west of Schicliallion, and it may or may not ap])ly 
to most of the western ]>order of the ^ pixqeetion when? the Grey 
Schist, as will he noted later, no l<)ng(*r forms the margin. It 
certainly does not hold near Loeh Tay, whei‘e the Loch Tay Liiiie- 
stone dips under the Ben Lui Schist and Ben Lawers Sehist, and 
where, if my premises are correct, there must he inversion. 

The A 1 1 1 M 0 r L i m e s t o n e. — The structure of the ground 
immediately south-west of Hchiehallion has already been hrietly 
described ; but one point remains to be noted. (3n the Tempar 
Burn, about 2 miles south-east of Kinloch Kannoch, a little island 
of limestone, accompanied by graphitic schist, ap})ears within the 
borders of the Schichallion Quartzite-belt. A similar limestone 
(with a remnant of graphitic schist) forms a fairly broad strip 
in the valley of the Allt Mor, where it intervenes between the so\ith- 
eastern belt of Schichallion Quartzite and the north-eastern belt 
of EAlliekrankie Schist. The three formation.s border each other 
rather abruptly ; but the Killieki'ankie Hcliist is tninsgressed by 
the limestone, when it is followed eastwards, and the latter curves 
round the end of the eastern spur of Schichallion almost in contact 
with the mountain -forming Quartzite. A tongue of limestone 
shoots westwards along the northern slope, with (Quartzite above 
and below; but the main mass continues east-north-eastwards, 



part 4] THE SCHISTS of the schiciialliox distihct, 43r> 

aecoinpanied by a rock resembling the Grey Sel list. This limestone 
is too massive to be regarded as a local intercalation in the Quartzite 
tfroup. If, on the other hand, it be taken as Orey Limestone, as 
I believe it to be, its method of oeeuiTenee needs some explanation. 
It is true that, in the extreme north of the district, the Grey 
Limestone comes near the lower margin of the Sehiehallion 
Quartzite. But, in tlie nearer ground, immediately north of 
Sehiehallion, the intervening members are strongly developed. A 
line of movement has been suggested, in order to account for tlu* 
duplication of the outcrops of Sehiehallion Quartzite and Killie- 
krankie Schist, and it is possible that one margin of the limestone 
is a continuation of this line. Neither margin can, however, be an 
ordinary fault-line, as botli arc much twisted, or folded, and there 
is no visible sign of crush. It is possible that the explanation lies 
in a folded rupture, which ma\' either have been a normal fault, or 
a thrust. Conceivably, two such faults are needed to explain tlu‘ 
relations. The general deformation and luetainorpliism of the 
period of the folding may have destroyed the nu»re tangible 
evidences of movement. 

VI, LiXE of Co>’TACT 35ETWEEX TllK DxLl? ADI S eKTES 
A1S'X> THE St34L'AX FeAOS. 

A junction occurs on the banks of the Tummel, a short distance 
east of Dunalastair, and S miles ea.st of Kinloch Kannoeh. As in 
the ground north-east of Sehiehallion, the Grey Schist is tlie 
marginal member of the Dalnidian Series. The sti’ata are here 
nearly vertical, and, as the Flags are approached, little bauds or 
lenticles of rock of a siliceous type appear in the Grey Schist. 
The margins of these hands are jierfectly sharp, and there is no 
gradation of type. Following the noalhern bank one reaches a 
little trough-shaped hollow, which does not appear on the other 
less accessible side of the river, and which there is no reason 
to suppose is a fault-line. On cro.ssing tliis, one passes from 
thoroughly pelitic Grey Schist into an unbroken and typical 
section of siliceous Hags. 

The marginal belt of Grey Schist continues to beyond the 
Frroehty Water. The change from micaceous schist to siliceous or 
semipelitic rocks of the flag group is always abrupt, and can some- 
times be fixed within a few yards. Infolds or intercalations of 
flagstone type are, however, sometimes found within the Grey 
Schist, as in the Tuimiiel section. 

At the northern end of the Balmdian outcrop, the border of 
Grey Schist is present striking east and west, but considemblv 
thinned : it cannot be followed beyond this point- The Grey 
Limestone, on the other hand, passes round the end of the syueline, 
and may be traced for half a mile along its western side. Where 
last visible the marble must be in close proximity to rocks of the 
flagstone group, although the latter are not seen absolutely in place. 

Some time has been spent in attempting to trace the furth(‘r 
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course of the flagstone margin, but no line has been drawn that can 
be regarded with confidence. The reason is that, although the 
iStruan Flag Group of this district contains no rock of a thoroughlv 
])elitic nature which matches the Grey Schist, it does contain 
liorizons which resemble the less thoroughly micaceous Killie- 
krankie Schist, and probably also quartzites of Schichallion type. 
It is, however, certain that neither the Grey Schist, (Jrey Lime- 
stone, Banded Series, White Limestone, nor Boulder Bed" can be 
seen south of the Errochty Water on the western margin of the 
syncline. On the other hand, one passes from areas of Killie- 
krankie Schist, through rocks of the same type wliich may belong 
to either series, into unquestionable flags. In a stream which rises 
about a mile west of Ben a’ Chuallaieh, and joins the Tummel at 
Ivinloch Bannoch, rocks resembling the flagstone series are seen in 
contact at one point with what maj" l)e the pebbly quartzite, and 
at another with what is almost certainly Ben Bagach Schist. i 

We are, in an^^ case, justified in regarding the junction of the 
two series as, in part at least, a strong line of di.scordance. If 
it is an unconformity, the amount of erosion, or the amount of 
overlap, must extend from Grey Schist certainly to Killiekrankie 
Schist, and probablj’' to Ben Eagach Schist. 

The following considerations appear to tell against the explanation 
of the facts by means of an unconformity. For tlie sake of argu- 
ment, let it be supposed that the unconformity exists. Then 
there are two alternatives : either the Dalradian Series has been 
deposited over the flagstones, or the flagstone series over the 
Dalradian. If the Dalradian Series he the later, tlie discordance 
already noted must he due to the overlap one over the other of 
different members of this group."^ The Grey Schist, being for so 
long a distance marginal to the flagstones, must be taken as the 
oldest of the formations which have succeeded them, and it was 
followed by the Grey Limestone. Jn this ease it is difficult to 
explain the observed adherence to type of these two Dalradian 
members, whei^e they abut against their shoreline. The former 
is an altered carbonaceous mudstone, and the latter a dear- 
water deposit. Some degree of lateml variation at least was to be 
expected, and we have also to account for the absence of con- 
glomei’ate. 

It may be supposed, however, that, while an unconformity exists, 
the ox’der in time is the reverse of that already considered, and 
the Struan Flag Series originally overlay the Dalradian. It then 

' This relation has been figured by Prof. J. W. Gregory (* Handl>uch der 
Begionalen Geologie’ vol. iii, pt. 1, 1917, p. 88). Prof. Gregory, however, 
shows the Blair Atholl Limestone and Graphitic Schists as resting tipon the 
Quartzite. As the former presumably correspond .to the Grey Limestone and 
Grey Schist of this paper, it is difficult to explain the consistent intervention 
of a belt of Grey Schist, Grey Limestone, etc., between the flags and the 
Quartzite, along the eastern margin of the * syncline % on the basis of Prof. 
Gregory’s diagram. 
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follows that, from its marginal clia3*acter, the Grey Schist is the 
latest of the underlying formations, and the truncation of the 
diferent horizons of the Dalmdian Series is due to erosion. The 
following facts may then be noted. The tlags in this district con- 
tain arkoses and gritty quartzose rocks which are occasionally 
almost to be described as pebbly, but nothing in the nature of a 
conglomerate. Also, the same type of truncation along the junction 
as that which has been observed in the Dalradian Series, takes place 
to a certain extent among the Hags. In following the line of 
contact where it is sharply defined, the marginal member of the 
Struan Flag Group is first a gi'itty arkose, which is seen beside the 
Grey Limestone, at its southernmost exposure on the west side of 
the ‘ tyncline It varies to a semipelitic type, which borders the 
Grey Schist in the Erroehty- Water section. Further along tlie 
boundary the marginal rock consists of typical flags and a flaggy 
quartzite, as, for instance near Dunalastair; and lastly, as before 
mentioned, one encounters a massive quartzite. 

It is, therefore, necessary to suppose that, even on tlie present 
hypotheses, there is a certain amount of overlap. It may be argued 
that, on an uneven floor, one should find in the flagstone series 
recognizable fragments of the underlying eroded rocks, such as 
Grey Schist and Grey Limestone. Such fi*agments are not found, 
and, as has been previousty shown, the late position in the Dalradian 
sequence, 'which is assigned to the Grey Schist on the two hypo- 
theses here set forth, is in itself unlikely. 

If the discordance be due to a plane of movement, there are two 
ways in which the facts may be regarded. Either the junction 
with the Grey Schist is a natural one, which terminates against 
this plane near the northern end of the syncline, or the whole 
line of contact consists of a folded fault or faults. 

A fact with a possible bearing on the existence of a marginal 
dislocation has been noted in the Geological Survej’- Memoir by 
J. S. Graiit Wilson, who writes as follows : — 

‘ This normal north-east strike is modified in the area between Glen Garry 
and the Erichdie [Erroehty] Water by the lines or narrow belts along which 
the beds are violently contorted and thrown into a series of sharp vertical 
folds ; the strike being at right angles to that of the rooks on either side. 
The most prominent of these lines appears to form the north-east boundary 
of the Trinafonr complex, .... and runs in a W.N.W. direction from Meall 
Dall-chealach, crossing the Garry at the foot of the Allt Stalcair. It gives 
rise to a conspicuous feature, forming a ridge which projects above the 
surrounding moor.^ (Op. cit. 1905, pp. 70-71.) 

The facts recorded both on the published map and on Mi*. 
Wilson’s field-map seem, however, to indicate that the line of 
movement is continued along the western, more probably than 
along the eastern margin of the Trinafour complex, -which means 
what is here called the ‘sync line’. If this be the case, it must bend 
round so as to become parallel "to the strike, and at the same time 
cease -fco form any prominent feature. It will have been noticed 
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that it is along the western margin that it is necessary to suppose 
the more violent part, or possibly the whole of the discordance. 

The margin of the Struan Flags has now been followed by the 
(leological Survey staff to near Loch Awe. For most of this 
distance the flags do not come directly into contact with rocks 
which belong to the sequence that in this paper has been described 
as Dal radian. There is an intervening zone, the relations of 
which have been discussed by Mr. E. B. Bailey Mr. M. 
McGlregor.^ When, however, the rocks of the sequence are 
reached, they belong to the Quartzite Grroup, or to the Ben 
Eagaeh Schist, or to that pai't of the succession here regarded as 
later. The Boulder Bed, for certain, does not reappear. It is 
thus seen that, whatever be the cause of the transgression along 
the ‘ syneline whether folded fault-line or unconformity, it is a 
far-reaching, and not a local phenomenon. 

While I favour the hypothesis of a folded line of movement, 
I do not think that this discontinuit}^ need necessarily have been 
a thrust-line. A normal fault of large dimensions, which had 
been subject to intense shear, might explain the phenomena. 
Such a shear might bring all original structures, including the 
fault and the bedding, into approximate parallelism. This theory 
probably implies the necessity of a general overriding movement, 
along the Dalradian border, which came from either the east or 
from the south. 

Such a movement might not itself be localized in a thrust- 
plane, but might act on a pre-existing normal fault so as to 
l^roduoe somewhat similar results. 


TII. Begtohal Metamorpiiism. 

The degree of metamorpliism has been such as to convert the 
limestones of the district into rather coarsely crystalline mai'bles. 
The argillaceous rocks are partly pelitic gneisses, although in other 
cases they may be described as schists. It may be noted that 
gai'net is abundant in parts of the Billieki’ankie Schist, and also 
occurs, though more sparingly, in the G-rey Schist. Kyanite is 
frequent, and sometimes forms fairly large crystals, in all the 
chief pelitic rocks of the district. These include the Killiekraiikie 
Schist, the Grey Schist, and parts of the matrix of the Boulder 
Bed. The Grey Schist also contains well formed staurolite in one 
locality. 

The amount of shear has been great enough to bring the sedi- 
mentary banding of the different types into general parallelism 
with the plane-foliation. 

The structure known as ‘linear foliation’ is a common feature in 
the distnct, though not more so than in various other jmrts of the 
Highlands which I have mapped. This j)henomenon does not 


^ Q. J. G. S. vol. Ixviii (1912) pp, 172 et seqq. 
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appear in the eoinpar.itively unaltered reeks of the Lnehawe 
Syncline, hut seems to he a very wules]iread eliaraeteristie of those 
parts of Northern Scotland whore the metanior])hisin lias reached 
a somewhat higher stage. I have previously deseri}>ed it as 
follows (in ‘The Greulogy of 3Iid-Strathspey and Stratlidearn ’ 
3Iem. Geol. Surv. lOlo, p. 22) : — 

‘ a sort of striation visible on practically any well* exposed divisional 
or bedding'-plane of the granulites. This is not rodding* in the sense of any 
actual elongation of the minerals, though the mica-£lakes are all arranged so 
as to have one direction parallel to tliat of the striation. It seems rather to 
be due to a minute corrugation of the micaceous lamiiiaj, the folds of which 
have their axes parallel to the striatioiis. It is none the less probably caused 
by stretching, and the striations probably coincide with the direction of 
shear. The impression produced on an obsei'ver is that the shearing must 
have been intense.’ 

T also noted that this lineation could he seen to be parallel over 
wide districts, even where the bedding changes strike. Tliis is 
well illustmted in the Sehieluillioii district. Tliroughout the whole 
of the ‘ syneline,’ and the neighbouring ptirls of the ihigsttnie 
series, the linear foliation dips at gentle angles (sec‘ map, ]». 44U; 
southwards : it is thus usually parallel to the strike. Where, 
however, the latter alters to east and west, south of the Errochty 
Water, tlie direction of the former is iinehanged. It may be 
further noted that the direction and dip of the lineation is almost 
invariably that of the pitch of the smaller folds. Thus, certain 
folds which alfect the Grey Limestone, in the area of eust-and-west 
strike just mentioned, and are shown on the map, pitch at low 
angles southwards. 

In one respect the description quoted above requires to be modified 
as regards the Schichallion district. In the micaceous rocks the 
])henomena are the same ; but in the hornblende-schists there is 
actual rodding or elongation of the crystals, wdiich always follows 
the general direction. Tourmaline-crystals, where formed, have 
also a sub-parallel arrangement : this is shown by a slide of the 
matrix of the Boulder Bed. Kyanite-crystals, on the other hand, 
are arranged in the plane of general foliation ; but their directions 
of maximum elongation lie haphazard in tliis plane. This is well 
seen in a tributary of the Ei*rochty Water, which joins it from the 
south about half a mile above the Allt Choin. The same stream- 
section shows rodded liornbleiide-sehists. 

South of the Tummel the lineation curves I’ound gradually, in 
conformity wdth the change of strike, and dips in general eastwards 
or south-eastwards. I believe this appearance to have been pro- 
duced somewhat after the manner of a How-structure ; but, what- 
ever be its cause, it seems to be a phenomenon worthy of further 
study, and one that may throw some light on the origin of the 
Scottish schists. 

Q.J.G.S No. 310, 2li 
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Till. SuMMAET AXD CoxcLrsio:jrs. 

So many debatable points have been dealt with in this account 
o£ the district that it may be well, in summarizing the results, to 
separate those for which the evidence seems clear from those 
which are to some extent conjectural. 

(1) Among the former results are those which have to do with 
the llalmdian succession. The facts outlined in this paxjer, and 
shown in a general way on the map, suggest the following con- 
clusions : — 

(а) The quartzite, previously taken to be a single unit, is in reality a 

composite group. It contains a central mica-schist and marginal 
components which are quartzites of different characters. 

(б) On the one side of the quartzite group is a graphite- schist, and a 

succession following this in the order previously deterinined by the 
Geological Survey, 

(c) On the other side is the Boulder Bed, and a succession foUowmg it as 
given in the table (p. 427). 

It is very difficult indeed to escape these deductions. 

(2) The study of the Boulder Bed has led to a further con- 
clusion : namely, that the G-re\^ Schist is the oldest 

member, and the Ben Ledi Brits the youngest member of the 
succession as stated. The validity of the evidence depends, to 
some extent, on the assumption that the Boulder Bed is a tillite, 
and while, with others, I favour this assumption, I do not claim 
that an inference derived from it can a.s yet be j'egarded as proof. 

(3) A certain amount of local discordance is associated with the 
Schiehallion Boulder Bed. The facts may be explained by suj)- 
X)Osing that the conglomerate was formed on, and more or less at 
the expense of, an already partly eroded surface of White Lime- 
stone and Banded Series, and was afterwards overlapjsed by the 
Schiehallion Quartzite. 

(4) The structure of the district is more obscure than the 
stratigraphy. It is obvious that the folding has been extremely 
complex. Such complexity might have been ju’odiieed from a rock 
originally in horizontal layers, if it had been acted on by a move- 
ment analogous to How. It is necessary to sux)pose that this 
How-movement itself was complex, although it may liave been 
roughly parallel in direction over areas which extended for several 
miles. The field ax>pearance known as linear foliation maybe 
the visible indication of such a tlow. 

It is almost certain that in the Schiehallion district, as in the 
country nearer Loch Awe, the general relation of the Dalradian 
Series to the Strnan Flags is one of superposition. In a at 
least of the district here de-scribed the supposed later members 
of the Dalradian succession overlie in the same general manner the 
supposed earlier members, and, speaking hi-oaclly, the sequence is 
probably uninverted. 

The iine of junction between the Dalradian Series and the flags 

2n2 



■•1-X2 i\ni. E. :sr, anuersox ox tjie geology oe [vol. Ixxix, 

is cliseordjint, both as rog’arcls tbo zones of the Dalradian and those 
within the Hags. 'Tliis diseovdance appears from the evidence to be 
more probably due to a folded rupture than to an unconformity, 
althougb I do not claim that the facts wliich siqiport this con- 
clusion form an absolute proof. 

The study of this district has strengthened iiiy belief that large 
horizontal movements have affected tlie Southern Highlands. 
These may, or may not, be connected with the aj^pearances of 
flow-structure. At the same time, I think it as yet impossible to 
define their direction, or to say whether the discordances which 
they appear to produce need in every ease have been due to 
thrusting, rather than to the distortion of large normal faults. 
In these respects 1 I'cgard the s\i])ject as being at ])resent in tlie 
speculative stage. 


EXPLANATION OF PLATE XXV. 

Geological map of the Schicliallion district on the scale of 1 inch to the mile, 
or 1 : GJJjmCO ; and section across tbo same. 

Discussion. 

Dr. J. S. Flett said that this paper appeared tc^ be an elabo- 
rately careful piece of work. It was of intei’est, as the Author’s 
version of the sequence was in some resj'jocts different from tliat 
of Grant Wilson, anti morcj complete. Two points especially 
attracted attention. One was the presumahly upward sequence 
from the margin of the Moine rocks : this was in acicordance with 
the views of other geologists who had recently been working on 
that group. Tlie second point touched the relations between the 
Moine Series and tlie rocks south tliereof. On this question the 
Author had, unfoi'tunatel}’’, formulated no definite conclusion. An 
examination of the Author’s map suggested that this line might 
mark a plane of movement ; but, before it was assumed that the 
absence of certain groups was due to that cause, it was desirable to 
bring forward some evidence that these rocks liad originally been 
de230sited there, and had not subsequently been removed by erosion. 
Several features of the map, esjiecially the Boulder Bed and its 
local distribution, suggested that contemi^oi'a.neous erosion or non- 
sequences might be expected in that group. 

Mr. G. Bybrow drew attention to the difficulty of dealing 
with the details of recent pajpers on the Highland rocks, as new 
names were introduced for every new locality visited- With 
regard to the succession in the beds described in more detail in 
the Author’s j^aper, certain facts were now well established. The 
pebbly ];>ortion of the Quartzite is the base of the bed, for it has 
been proved to overlie directly the true Graphite-Schist over a 
great stretch of ground. Beginning in South-West Aberdeen- 
shire and coming south-west to Pitlochry, the speaker had noted 
“fchat the base of the Quartzite is often blackened by minute specks 
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of material originally picked from the still soft black mud 
beloAv: this continues to the west of Pitlochry. Farther south- 
west the erosion went deeper, and small fragments of coherent 
mud were picked up an<l are now seen encloseil in the Quartzite. 
Still farther south-west these fragments are at times as large as 
the palm of a man's liand. That the Quai*tzlte is above the true 
Oraphite-Schist is thus clear. 

Starting from the ]>ase and cro>sing the tjuartzite, we reach the 
top, which is tine-grained and white. It is one of the most easily 
recognized horizons in the Highland rocks. It is }>erfeetly seen 
in the coast-section at Portsoy, and the speaker liad followed it 
for over 300 miles in the interior of the Central Higlilands. 

The area selected by the Author was not a good one for dealing 
with the succession, as the ]»ivsenee of the lloulder 33ed at once 
showed that there was a non-setpienee : that is, part of the series 
is always absent when this bed is ]n*esent. 

The speaker then referred ti> the succession descril>ed 1.)y him in 
the area of Glen Clunie.^ He had shown that, gtdiig southwards, 
one notes a comparatively sudden hiatus, d'he Limestone is seen 
to rest upon a remnant of the Parallel I landed Series, and is 
occasionally tpiite close to the white edge of the Quartzite. The 
erosion is the same, whether the Houlder Bed he ])reseiit or absent. 
A photograph of the base of the Limestone lying in an eroded 
hollow in the Moine Gneiss is published in the paper already eited.^ 
The approach to and recession from the edge of the Quartzite 
by the Blair Athol Limestone occurs repeatedly over a large area, 
and the published evidence sht)ws that the Blair Athol Limestone 
is above the dark Schist and Little Limestone, which are often 
cut out by it. The Limestone is also above the Boulder Bed. 

The speaker adduced further detailed evidence bearing on these 
points from Glen Tilt and Glen Elg, -which all went to prove the 
Lewisian age of the Moine Gneisses. Witli regard to the rocks 
between the true Graphite-Schist and the Southern Highland 
Border, the superposition of the Quartzite on the Schist shows 
the succession to be a descending one, and the rocks near the 
Border are the lowest. This is olearl}^ proved by the fact that 
a great group of rocks below anything ever occurring along this 
Border are brought up by a big fault, and cover a wide area 
stretching from the North Esk to Aberdeen, etc. These rocks, 
like the others, are seen to increase in crystallization as one proceeds 
north-westwards from the Highland Bonier; but the increase is 
much more ra})id in the case of the rocks brought up by the fault. 

Mr. J. F. N. Green said that he was particularly interested in 
the nordmarkite Boulder Bed, In Islay tliis had been attributed 
to ice on good grounds by Thomson half a century ago. In that 
island, where the i-ocks w^ei-e viiijually unaltered and excellent 
coast-sections were available, it vras obvious that the bouldervbeds 


1 Q. J. G. S, vol. lx (1904) pp. 42a-.27, 
* Ibid, p. 430. 
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were merely lenticles occmTing sporadically in a variable band of 
arkoses, greywacke, and doloniitic sandstone. They could not 
therefore be till, but should be attributed to lloating ice, the 
bouldery patches indicating the s])ots where the iloes unloaded. 

On the mainland, in the Tayvallich peninsula, occurred the 
isolated Loch-na-Cille Conglomemte ; and he had inferred from 
the G-eological Survey memoir that that also was i^robably a 
leiitiele in a similar band covering most of the peninsula and the 
eastern side of Loch Sween. On examining the Survo}^ slides, he 
found that the ‘ quartzite ’ of this area was arkose. The Survey 
maps did not separate these felspathic rocks from pure quartzite. 

The Schichallion conglomerate not only contained nordmarkite- 
and quartzite-boulders similar to those of Islay, but the structure 
and matrix appeared to be identical. The three specimens of the 
latter now exhibited seemed to have been originally arkose, 
greywacke, and dolomite-sandstone. He enquired whether the 
calcareous boulders might not once have been dolomite, as in the 
south-west. He was suspicious of the Schichallion Quartzite, in 
which the conglomerate seemed to be wrapped, and wBukl like to 
know the average percentage of felspar in it. If it were really 
the arkose-band of Islay and Tayvallicli, he Avould expect about 
85 per cent, of quartz, at least in the coarser parts. In that case, 
the southern edge of the hand vras in contact with the Killiekrankie 
Schists, which could be traced round its western termination (as 
one would infer from the map) into the banded series ; and schists 
often ran into banded series. 

The Secketabt read the following communication from Mr. 
E, B. Bailey: — 

‘ This pa, per will be recognized as one of the most important contributions 
yet made to an imderstanding of the Central Highlands. The Author 
acknowledges help from Grant Wilson’s original treatment of the district, 
and adopts from it the commonly accejited view" that the Struan Flags are 
something apart from the Perthshire Dalradian sequence. In this respect 
the Author does not follow the lead given by Mr. Barrow ; but he seems to 
me to have confirmed beyond doubt that writer’s claim regarding the strati- 
graphical position of the Perthshire Quartzite in relation to its Dalradian 
associates. With a partial knowledge of Schichallion, and a considerable 
acquaintance with the cognate districts of Islay, Loch Tummel, and Blair 
Athol, I have no hesihition in accepting every detail of the Author’s strati- 
graphical succession. It is noteworthy that he, like myself, lias been led to 
invert the traditional time-sequence of the Perthshire Dalradian ; although, 
I admit, the Schichallion evidence in this direction does not seem to me 
convincing. As regards the discordances, which the Author very propex’ly 
emphasizes, they are not only convincing, but arresting. They do not, in 
Schichallion, present themselves in obvious relationship to folds ; and the 
Author is justified in adopting a cautioxts attitude in their interpretation. 
Still, it is a remarkable fact that the plane of discordance sei)arating the 
Schichallion Complex from the Struan Flags corresponds precisely with what 
I have called, in the West, the basal thrust-plane of the lltay 
Nappe.* 

The Authoe, in answer to Dr. Flett, stated that he thought 
that the correlation between the Schichallion series and that 
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mapped by Mr. H. H. liead would only be possible after a re- 
examination of some of the intervening ground. He had not 
ruled out the possibility that the boundary-line between the Grey 
Schist and the Struan Flags on the eastern side of the Dalradian 
area was a natural one, though he regarded the western boundary 
as a folded line of movement. One part of the diferences between 
himself and Mr. Barrow might be overcome by supposing that the 
Boulder Bed and White Limestone of the Schichallion area were 
usually absent in tlie disti'iet between Bi*aemar and Blair Atliol. 
This would imply that the Banded Series of the area that he had 
ma2)ped was the equivalent of Mr. Barrow’s Honestone Group, 
which it appeared to resemble. 

In reply to Mr. Green, he stated that, apai’t from its inter- 
calations, the Banded Series of the district now described was very 
easily distinguishable from any part of the Schichallion Quartzite. 
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I. Introduction. 

In the Buchan, Formartine, and Strathhogie districts of Aberdeen- 
shire, the plutonic rocks of ‘ Younger Granite ’ age include half-a- 
dozen large gabbro -masses the approximate positions of which ai’e 
shown in fig. 1 (p. 447). These gabbros are later than the regional 
folding, but antedate the local Middle Old Red Sandstone. They 
possibly form one huge sill. 

In 1914, Mr. W. R. Watf- described the geology of the 
southern part of the Huntly Mass, and announced the discovery of 
gabbros modified by the incorpomtion of sedimentary material. 
These endomorphic gabbro-derivatives were shown to be similar in 
character and origin to rocks recorded from Le Pallet (France) 
by Prof. A. Lacroix,^ and from Snowbank Lake (Minnesota) by 
Pi*of. A, N. Winchell.’^ After the War it was my good fortune 
to revise for the Geological Surve}^ the country around Huntly and 
Banf£‘^ (Sheets 8G <fe 96 of the 1-inch Geological Survey Map of 
Scotland), and 1 was then able to investigate the distribution, 
nature, and origin (in the Huntly Mass) of the abnormal rock- 
types discovered by Mr. Watt. Later, similar rocks were found 
in the Insch Mass.® 

As their importance in the field increased, it was felt desirable 
to have some handy term for rocks i*esulting from the incorporation 
of sedimentary material in a magma, and, in 1921, the name 
contaminated rock was suggested. The term hybrid of 

^ ‘ Tho Geology of the Country around Huntly (Aherdeenshire) ’ Q, J. G. S. 
vol, Ixx, p. 266. 

2 ‘ Le Gabhro du Pallet & ses Modifications ’ Bull. Carte G<5ol. Prance, 
vol. X (1898^99) pp. 341-96. 

•* ‘ Mineralog-ical & Petrographic Study of the Gabbroid Books of Minne- 
sota, &c.’ Amer. Geol. vol. xxvi (1900) pp. 294 et seqq. 

** H. H. Bead, ‘ The Geology of the Country round Banff, Huntly, & Turriff’ 
(Explan. of Sheets 86 & 96) Mem. Geol. Surv. Scot. 1923. Interim reports in. 
‘Summaries of Progress’ for 1918, 1919, 1920. 

® Id. ‘ The Contaminated Gabbro of Easter Saphook, near Old Meldrum in 
Aberdeenshire’ Geol. Mag. vol. lviii(1921) pp. 177-83. 
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Dr. A. Harker was considered to have a more specialized meaning, 
since it has come to denote rocks formed either ‘ by the mixture 
of two magmas, or by the assimilation of a rock alreacl}’’ con- 
solidated by the magma of a later intrusion.’ ^ Perhaps, too, 
I Avas influenced by the emphasis laid by Dr. Harker on the 
barrenness of these hybrids in their wider petrogenetic aspect, and 
so endeavoured to remove contaminated rocks from these sterile 
relatives. 


Pig. L 



In the Huntly and Insch masses the contaminated rocks, 
although occurring at many localities, covered in no place much 
more gi'ound than a square mile ; besides, they did not appear to 
throw any certain light upon the petrogenetic problena. But in 
the third of the masses to be investigated — that of Arnage and 
the subject of this communication — it is gratifying to find that 
contaminated rocks form the main visible part of the intrusion, 
and are seen over an area of about lb square miles. At Arnage 
the scale of the phenomena is large enough, and the stage reached 
in contamination is sufficiently far advanced, to warrant, I believe, 
certain speculations as to the relation of contamination to the 
origin of the diversity of igneous rocks. 

^ A. Holmes, ‘ The Komenclature of Petrology ’ 1920, p. 121. 
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II. Previous Wore. 

Before this investigation no modern work had been done on the 
Ariiage Mass, This mass forms part of the ‘ diorite ’ oP J. S, 
Grant Wilson,^ as described in the Survey Memoir of 1880. 
The excellent norites of Arnage have been mentioned by H. Jtosen- 
busch" and brielly described and figured by Dr. A. Harker.'*^ 
Sir Jethro Teall ^ foreshadowed the main feature of the Arnage 
Mass, when in 1896 he discussed certain cordierite-bearing rocks 
of Scotland. Of one specimen from Little Arnage he said: — 

‘ it is evidently a compound rock due to the superposition of 
igneous upon metamoridiic material’ eit. p. 87). 

III. The OouKTitr-PooKs. 

The rocks into which the Arnage Mass is intruded, and which 
suj^ply the material for contamination of the original magma, 
belong to two main grou^is : — 

(i) A series of andalusite-cordierite- schists and felspathio (luartzites, 

with quite subordinate impure limestone-bands, occurring* west, 

north, and north-east of the igneous and contaminated rocks. 

(See fig. 2, p. 452.) 

(ii) A series of biotite-gneisses and subordinate hornblende-schists, 

occurring south-east of the igneous and contaminated rocks. 

(See fig, 2, p. 452.) 

The first group, occurring north of a line drawn from Ardlethen 
to Berefolcl, may be considered as made up of a western argil- 
laceous and an eastern quartzose sub-group. On the west the 
dominant rock-type is an andalusite-cordierite-schist with sub- 
ordinate quartzite, while on the east quartzites with subordinate 
andalusite-schists occur. The western andalusite-scliists are the 
north-eastern extension of a series of andalusite-schists well seen 
in the Ythan Talley between Pyvie and Methlick ; these have been 
called the JFyvie Schists,® and lithologically they are exactly 
similar to another group of andalusite-schists — those of Boyndie 
Bay® — on the Banfishire coast. It is extremely pi’obahle that 
these two groups are the same, and occur on opposite sides of a 
central synclinal area of Macdufi Slates.*^ 

The eastern quartzose sub-group was separated out bw J. S, 
Grant Wilson,® and to it was assigned a stratigraphical status 

^ ‘Explanation of Sheet 87 ’ Mem. Geol. Surv. Scot. 1886, p. 17. 

“ ‘ Mikroskopische Physiographie ’ 4th ed. vol. ii, pt. 1 (1907) p. 349. 

3 ‘Petrology for Students’ 5th ed. (1919) pp. 77-78 <& fig. 23 B. 

‘Explanation of Sheet 75 ’ Mem. Geol. Surv. Scot. 1896, pp. 37, 38. 

•'» H. H. Bead, ‘ The Geology of the Country rotmd Banff, Huntly, & Turriff ’ 
(Explan, of Sheets 86 & 96) Mem. Geol. Surv. Scot. 1923, Chap. iv. 

Jc7. ihid, and ‘ The Banffshire Coast-Section of the Highland Schists 
App. I to ‘Summary of Progress of the Geological Survey for 1920’ Mem. 
Geol. Surv. 1921, p, 76. 

7 Id. ‘The Geology of the Country round Banff, Huntly, & Turriff’ (Explan, 
of Sheets 86 <& 96) Mem. Geol. Surv. Soot. 1923, Chap. iv. 

^ ‘Explanation of Sheet 87 ’ Mem. Geol. Surv. Scot. 1886, pp. 9-11. Map, 
Sheet 87. 
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eqiial to that of the andalusite-sehists ; but, since beds of anda- 
lusite-sehist occur throughout this eastern sub-group and beds of 
quartzite throughout the western andalusite-schist, it is sufficient 
for tlie present purpose to consider these two sub-groups as forming 
one — that of the Fyvie Series, although it is possible that in 
tliis extended Fyvie Series there may be included the equivalents 
of niore than the Boyndie Bay Group of tlie Baiiftsliire coast- 
section. 

Tlie main rock of the Fyvie Series west of the Arnage Mass is 

nodular andalusite-cordierite-scliist, well exposed along the 
\than gorge between Methlick and Gight. It is a greyish, rather 
micaceous rock from the weathered surfaces of which project large 
crystals of andalusite measuring as much as 2 cm. in length. In 
slices, the groiind-mass of the rock is seen to be composed of coarse 
quartz -grains, biotite- flakes, and rather large white micas ; in this 
base are ]Dorphyroblastic masses of both cordierite and andalusite, 
the former occurring as dirty greenisli-v^ellow irregular patches, the 
latter as large granular ciystals. Both include much ground-mass 
material, and the cordierite holds also chlorite in large laths. 
Occasionally, small brown staurolites occur between the large 
andalusite porphyroblasts. 

The andalusite-schist of the Boyndie Bay Group has been 
analysed by Mr. F. G. Kadle}", and, for reasons already given, this 
analysis may be taken to represent that of the normal andalusite- 
schist of the Fyvie Series. This analysis, and one of the Macdu:ffi 
Slate into which both Fyvie and Boyndie Bay Groups pass, are 
set foi*th in Table I, Analyses I & II, 450. They represent argil- 
laceoxis rocks, differing from that which Prof. Y. M. Goldschmidt ^ 
has styled the typical clay -rock (Anal. T, Table I), chiefly 
in the relative amounts of the alkalies. The Scottish rocks are 
much richer in soda than is Prof. GoldschmidPs type. 

The felspatliie quartzites of the eastern division show small 
felspars and greasy quartzes in a scarce fine-gmined base. In 
slice, pebbles, often rounded, of quartz, orthoclase, and scarcer 
oligoclase are set in a scanty ground-mass of small biotite-flakes, 
quartz -gmins, and a little dirty decomposed felspathic substance. 
Others of these gritty rocks approach the greywacke type ; these 
are finer in gmin, and consist^ of small, often angular gmins of 
quartz, oligoclase, and jDotash-felspar in a ground-mass of biotite, 
muscovite, quartz, felspar, and magnetite. 

The quartzites vary from fairly pure quartz-rocks to felspathic 
quartzites containing some 20 per cent, of felspar, the purer tyi^es 
being more common around the Ai-nage Mass. The chemical 
composition of an avemge quartzite concerned in contamination 
may be taken as somewhat like that of the Cullen Quartzite ^ of 
Ban:ffshire, an analysis of which is given in Table I, Analysis III, 

^ ‘Pie Kontaktmetamorpliose im Kristianiag-ebiet ’ Videnskap. Skrift. I, 
Mat,-natiirv. Klasse, 1911, No. 1, p. 16. 

® H. H. Bead, ‘The Banffshire Coast-Section of the Highland Schists’ 
App. I to ‘Summary of Progress for 1920’ Mem. Geol. Surv. 1921, p. 72. 
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below. The Arnage rode is doubtless richer in magnesia than the 
Cullen Quartzite. 

The third and quite subordinate type of sediment of the Fyvie 
Seines is an impure sandy limestone formerly quanied at Auch- 
nagatt, Michaelmuir, Auchedh% and Ardlethen, where it forms 
bands, at their broadest less than OOjuirds across, in the andalusite- 
schists and quartzites. One of the purest of these bands is that 
formerly quarried at Quanyhead, three-quarters of a mile north- 
west of Auchnagatt Station. In slice, it is seen to consist chiefly 
of large grains of calcite, together with scarce quartz, alkali- 
felspar, pyroxene, apatite, and magnetite -grains. By reason of 
their small bulk these limestones play practically no recognizable 
part in the contamination-phenomena. 

Table I. — Analyses oe Seliments like those oonceened in 
Contamination, 


1 

1 h 

II. 

T. 

III. 

_ . _ 

IV. 

_ ... .... ... . 

SiOa 

53-98 

58*47 

63 

86*12 

67-23 1 

TiOa 

1-15 

1*30 


0*39 

0-86 

AI2O3 

22*77 

18*27 

26 

6*72 

13-38 


2*33 

1*66 


0*75 

1-23 

FeO 

7*22 

6*49 

5 ’ 

0*61 

4-88 

MnO 

0*18 

0*26 


0*17 

0*16 ' 

(CoNi)O 

nt. fd. 

? trnce 


nt. fd. 

nt.fd. 1 

BaO 

0-12 

0*05 


nt.fd. 

0-04 1 

CaO 

1*97 

0*78 

i 

0*85 

2-08 

MgO 

3*16 

2*64 

2 

0*04 

4*33 

K2O 

2*97 

2*84 

6 

3*15 

2*92 ! 

NasO 

2*14 

2*46 

1 

1*44 

1-93 i 

1.^130 

nt. fd. 

nt. fd. 


nt. fd. 

nt. fd, ! 

H2O at 105° C 

1 0-10 

009 


' 0*09 

0*05 ' 

H3O above 105“ 0. 

1-87 

3*37 


0-27 

1-03 ' 

PaOs 

0*17 

0*15 

!!! 1 

1 0*03 

0-15 

EeSa 

nt. id. 

0*60 


nt.fd. 

0*01 

FeySs 

nt. fd. 

0*72 


(ZrO2=-03) 

0-07 

CO2 

0*04 

0*08 i 


0*42 

0*11 

Totals 

100-17 

100*22 1 

i 100 

100*08 1 

100*45 ; 
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I. Audalwsite-schist of tlie Boyiidic Bay Group, WhitelaHs, Baufisbire (compare 
Fyvie Andalusite-Schist). Anal. E. G. Radley. ‘ Summary of Progress for 
J.921 ’ Hem. GeoL Surv. 1022, p. 108. 

II. Hacduff Slate, 2 miles east of Macduff (Banffshire). Anal. E. G. Eadlej', 
* Summary of Progress for 1921 ’ Mem. Geol. Surv. 1922, p. 108. 

T. Prof. V. M. Goldschmidt’s typical ‘Marine Tongestein ’ ; see ‘ IJie Koiitalct- 
Metamorpliose im Kristianiagebiet ’ Vidensk. Skrift. I, Mat.-naturv. Kltisse, 
1911, No. 1, p. 16, 

III. Cullen Quartzite, Craig Head, Banffshire (compai’o Fyvie Quartzite). Anal. 

E. G. lludley. ‘ Summai’y of Progi'ess for 1921 * Mem. Geol. Surv. 1922, 

p. 108. 

IV. Cow'liythe Gneiss, Strathmarchin Bay, Portsoy, Hanflshire (compai’e Ellon 

Gneiss). Anal. E. G. Radle 3 ^ ‘Summary of Progress for 1921* Mem. 
Geol. Surv, 1922, p. 108. 

The second series of metamorphic schists concerned in the con- 
tamination of the Arnage Mass occurs south-east of the igneous 
rocks. This group' of schists is well develoiDed ai'ound Bllon, and 
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for tlie purposes of this eomiuunieation they may conveniently be 
styled the billon Series.^ Two main rock-types make up this 
series : (1) dominant biotite-oaieisses, schists, and i^friinulites, and 
(t2) subordinate hornblende-schists. 

The first type is seen, among* other localities, in the southern 
bank of the Ythan at Esslemoiit House, at Craigs of Auchterellon 
near Ellon Station, at Craighall, and in the Braes o' "VVaterton, 
1 mile east of Ellon. The strike of the foliation-planes along the 
Ythan is north-east to south-west, or north-north-east to south- 
south- west ; dips are variable, and mainly low, on both sides of 
these lines- 

The rock-varieties of this tyj^e are all gi’eyisli graniilitie 
schistose or gneissic rocks composed mainly of quartz, felspar, and 
hiotite ; garnet and cordierite are rare. The granulitie variety 
shows in slice quartz -grains as the dominant component, together 
with a considerable amount of unoriented hiotite tpleoehroie from 
pale yellow to deep brown) and a fair (|uantity of felspar ; clouded 
orthoelase is the chief species of felspar, less commc>n are miero- 
cline and oligoclase ; zircon is accessory: the rock is a quartz- 
f elspar - granulite. In the gneissose varieties the same 
minerals occur, hut here the dominant felspar is oligoclase, which 
is, in some specimens, almost as abundant as the quartz ; garnet 
in scarce small crystals is sometimes seen in these rocks. The 
third main variety is a shaly hiotite-. schist, with abundant 
orientated hiotite and rarer muscovite, separated hy hands of 
granulitie quartz with scarce plagioelase-grains. From the Braes o’ 
Waterton comes a cordierite-biotite-schisb, in which, in 
addition to the usual minerals of these rocks, occur streaks of 
cordierite now rej)laeed hy micaceous decomposition-products. All 
the sedimentary rock-tyi^es of the Ellon Series are streaked with 
quartz-lenticles and stringers. 

The three main types ai’o found in intimate varying association 
OA^'er the ground south-east of the igneous and contaminated rocks 
(see fig- 2, p. 452). In its mineml -content the Ellon biotite- 
gneiss is very like the oligoclase-biotite-gneiss of the Cowhythe 
Hroup 3 of the Binff shire coast, and the analysis of this gneiss 
(Analysis IV, Table I, p. 4o0) may be taken to represent one 
common variety of the sedimentary types of the Ellon Series. 

The hornblendic rocks of the Ellon Series can be studied in 
their unaltered state in the Bmes o’ Waterton. The rock is a well- 
foliated dark-green hornblende- schist, which in slice is seen to 
he made up of stout hornblende-prisms, pleochroie in shades of 
yellow and green, Avith a subordinate amount of quartz and felspar. 
The hornblende-prisms are collected into bands separated hy layer.s 
of quartz, felspar, and smaller and scarcer hornblende-grains. 
The felspar is quite clear and recrystallized; it A^^aries from 

^ See J. S. Grant Wilson, ‘ Explanation of Sheet 87 * Mem. Oeol. Snrv. 
Scot- 1886, pp. 7-9. 

® H. H. Bead, App. I to ‘ Summary of Progress for 1920 ' Mem. Geol, SurA\ 
1921, p. 75, 
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andesine to labradorite. A few ^mins of black iron-oxide complete 
the rock. 

In snmmarr, then, the con tainina tors of the Arnage Mass 
are of four petrographic types: — 

1 . Andaliisite-cordierite- schists . 

2. Felspathic quartzites. 

3. Biotite-oligoclase-gueisses and biotite-seliists. 

4. Hornblende-schists. 

The contact-metaniorphism of each of these rock-types is 
described in § VI, pp. 473-78. 

IV. The Norite Sheet. 

Before considering the rocks to which the name con tainina ted 
is here applied, we may deal with a very striking feature of the 
Arnage district, and that is the norite sheet which underlies 
the zone of contaminated i-oeks and into which they pass down- 
wards i see fig. 2, section, p. 452). H. Itosenbusch ^ said, 
eoiicerning the norite, that it was an extraordinarily beautiful 
representative of its class. Dr. A. Harker- has iigured a typical 
norite from Towie Wood. In the 1886 Geological Survey Memoir 
the norite (and the contaminated rocks) were all designated 
‘ diorite though, it is true, the variations of the ‘ diorite ' were 
there noted as considerable.^ 

Distribution. — The distribution of the norite is a striking one 
(see fig. 2). The country is of low relief, but even so it is fairly 
obvious tliat the norite is seen at slightly lower levels than the 
contaminated rocks. It forms small areas exposed by the removal 
of the overlying contaminated-rock zone, and surrounded by these 
contaminated rocks. If erosion had proceeded to a slightly less 
extent, it is probable that none of the norite would have been 
exposed. These norite outcrops do not re 2 :>resent cu^^olas — they 
are best regarded as inliers, as it were, of a somewhat level-toiiped 
norite sheet (see fig. 2, section, jj. 452) ; they may be called, fur 
the sake of simplicity, kernels. 

Five kernels have been recognized ; they are, from north to 
south, those of Inkliorn, Waulkmill of Savoch, Arnage, Little 
Arnage, and Glencroft. 

The Inkhorn kernel has a longer axis three-quarters of a mile 
long ; its breadth is probably less than half a mile. The i*ock of 
this kernel is well exposed in the railway-cutting north and south 
of Mill of Inkhorn, and the limits of the norite can be fixed at 
both ends, for there is a somewhat abrupt passage into contami- 
nated rocks. 

1 ‘ Mikroskopische Physiog'mpbie ’ 4th ed. vol. ii, pt. 1 (1907) ii. 349. 

- ‘ Petrolog-y for Students ' 5th ed, (1919) pp. 77~7S & fig*. 23 B. 

3 J. S. Grant Wilson, ‘ Explanation of Sheet 87 ’ Mera. Geol. Surv. Scot. 
188G, p. 17. 
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The Waulkmill of Savoch kernel is small, being less than a third 
of a mile long, and is situated astride the Bbrie Burn. Good 
examples of the rock of this kernel are seen in the railway-cutting 
at Waulkmill of Savoch, near which locality, too, the associated 
contaminated rocks may be studied. 

The third kernel, that of Arnage, occurs soiitli of Arnage 
Station ; normal norite can be examined in the railway-cutting, 
and its contaminated associates observed with some clearness on 
the brae east of the Ebrie Burn, east of Mains of Drumwhindle ; 
this kernel is about a third of a mile in greatest diameter. 

The Little Arnage kernel is found farther south again, and is 
exposed also in the railway-cutting ; its length is about two-thirds 
of a mile, and it exhibits good contamination phenomena on the 
south. 

The last kernel, that of Gleneroft, on the northern bank of the 
Ythan, is somewhat unsatisfactory ; here is an abundance of 
large blocks of norite, some of which are probably in place. The 
argument, however, is not affected, even if the Gleneroft kernel 
be neglected. 

Taken together, the norite kernels cover an area of well under 
one square mile. 

Petrography. — The norite is a homogeneous fairly coarse 
rock, which weathers either into rude spheroidal masses, or into 
rounded knob-forms coated with a thin skin of decomposed 
material. In the kernels the rock appears thoi’oughly uniform. 
With a lens, fels^Dar, a dai*k mineral (hypersthene), and scarce 
biotite-plates can be recognized. The rock is quite fresh. 

About twenty slices of the noi'ite have been cut. All the 
kernels, with the exception of the doubtful Gleneroft one, show 
exactly similar norite. The rock is composed almost entirely of 
labradorite and hypersthene (see tig. 3, p. 455) ; quite subordinate 
are hornblende, biotite, diallage, quartz, iron-oxide, and apatite. 

The felspar is fresh, and forms subhedral or euhedral prisms, 
often 1*25 mm. long : its sign is positive ; albite and rare perieline 
twinning is seen ; its optical properties indicate that it is a 
labradorite of the composition Ab^, An, . 3 . Sometimes the interiors 
of the crystals are slightly more basic than the exteriors. The 
felspar often includes multitudes of minute brownish-red plates 
which have apparently no definite onentation with regard to 
their host, although among themselves they are arranged on three 
planes. 

Hypersthene foinns prismatic crystals, often 1 mm. long by 
0*5 mm. wide. Cross-sections show the dominance of pinacoids 
over prism faces, and the usual prismatic cleavage. The pleochroism 
is striking — a pale pink, b pale yellow-green, c joale green ; the sign 
is negative. The mineral usually is very thoroughly schillorized. 
An intergrowth on a minute scale with a monoclinie pyroxene is 
occasionally seen. Often the hypersthene- crystals exhibit the 
s y n n e u s i s structure of T ogt, being collected into swarms and 
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then, in the Arnage ease, cemented by black iron-oxide. The hjper- 
sthene alters into pale-green fibrous hornblende. The times of 
finishing of crystallization of hypersthene and felspar appear to be 
about the same, neither mineral being sti'ietly euhedral. 

In some slices diallage occurs in small amount, perhaf)s two 
plates being seen in a slice of average dimensions. It usually 
forms large, much-schillerized, ophitic xfiates enclosing small felsj>ars 
and hj^persthene, and is edged b^^ hornblende. 

The hornblende is pleochroic as follows : — a pale yellow-green, 
b deep brown, c green-brown, with the absorption c = b>a, 
and C : c = about 10®. It forms an edging to hi’persthene or 
diallage, or builds larger plates with hypersthene kernels, these 



A=Labraclorite (Lab.) and hypersthene (Hy.), with scarce biotite (Bi.), quartz 
(Qz.)j and iron-oxide, x 23 (see p. 454). 

B= Illustration of the reaction series; hypersthene (Hy.), hornblende (Ho.), 
biotite (Bi.), and quartz (Qz.). Solid black represents iron-oxide. 
X 46 (see p. 456). 

0= Illustration of the reaction series; olivine (Oh)* hypersthene (Hy.), 
hornblende (Ho.), and biotite (Bi.). X 46 (see p. 456). 

kernels having a ragged edge against the enclosing hornblende 
(see fig. 3), In its turn, too, the hornblende is often bordered by 
yellow to deep-red biotite, with which are associated large 
irregular grains of black iron-oxide. Micropegmatitic inter- 
growths of hornblende, biotite, and quartz are noted (see fig. 3). 

Apatite oceui*s in accessoiy prisms which sometimes reach 
1mm. in length ; black iron -oxide is always present, and usually 
associated with the biotite. 

O. J. a. S. ISTo. 316. 2 I 
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Quartz, though widespread, is not abundant; usually it forms 
interstitial areas between felspar prisms, sometimes it is in rounded 
grains between which biotite may occur, or takes part in biotite- 
hornblende- quartz intergrowths. No sign of micropegmatitic 
intergrowths with felspar has been noted. 

The hypersthene, hornblende, and biotite of the Arnage norite 
provide an excellent example of what Dr. N. L. Bowen ^ has 
recently called a discontinuous reaction series. This series 
depends upon reaction between the liquid and crystal phases of a 
solidifying melt, a reaction moving so that an early formed member 
of the series tends to change over into a later member. A familiar 
example, and one that has been experimentally investigated,” 
is that of the ' reaction-rims ’ of rhombic pyroxene around olivine. 
It is probable that crystallization in the Arnage norite-magma 
began with the formation of olivine, which, as the temperature 
fell, was attacked by the liquid to produce hypersthene, this in 
turn to produce hornblende, and the hornblende, biotite ; con- 
currently, of course, the bulk of the melt had been lessening, and 
its composition altering by the crystallization of plagioclase, until, 
when the last of the biotite was being formed by reaction, the 
silica-residuum crystallized as quartz, often in micropegmatitic 
intergrowths with the mica. As is seen immediately, the norite of 
the G-lencroft kernel contains olivine, always armoui'ed by hyper- 
sthene, and so in these norites there is a good example of the 
reaction series : olivine — hypersthene — hornblende — biotite. 

The rock of the supposed G-lencroft kernel diJ^ers from the rest 
of the kernel-norites hy containing olivine ; in its other constituent 
minerals it is exactly like the noi’mal norite just described. The 
olivine occurs in abundant rounded I'esorbed grains, always 
surrounded by a coating (sometimes exceedingly thin) of hyper- 
sthene. The reaction series : olivine — hyj)ersthene — hornblende — 
biotite is well seen in this rock. 

A similar rock, an olivine-norite, occurs as a small patch in the 
contaminated rocks, in the coppice 300 yards south of Mill of 
Kinharmchie. The reaction series described above is especially 
well developed in this example (fig. 3). 

Chemical composition. — By the kind permission of the 
Director of the Geological Survey, an analysis of the norite of the 
Arnage Mass has been made in the Survey Laboratory by Mr. E. 
G. Itadley, to whom my thanks are due. In Table II (p. 457) 
this and other analyses of gabhro are set forth. The most striking 
feature of the Arnage noi'ite is its richness in magnesia compared 
'^vith the other Aberdeenshire gabbi’os, or with Prof. B. A. Daly’s 
average norite, or with the average of 44 norites enumerated in 
Dr. H. S. Washington’s tables. 

^ * The Reaction Principle in Petrog-enesis ’ Journal of Geology, vol. xxx 
(1922) p. 183. 

- Olaf Andersen, ‘ The System Anorthite-Forsterite-Silioa ’ Amer. Joum. 
Sci. ser. 4, vol. xxxix (1915) p. 407, 
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Table II. — The I^oeite axj> othek Gabbeos. 


! 

V. 

i B. 

C. 

D. 

E. 

SiO.> 

52-04 

47*52 

50-16 

50*23 

48*84 

TiO- 

0*66 

1 3*06 

1-64 

1*15 

1*35 

AUG, 

16*31 

: 15*65 

18*51 

16*40 

15*90 

Pe-^Oa. 

0*06 

0*75 

1*88 

2-39 

5*23 

CiCO-i 

0*05 

V..03 

OCl 





FeO' 

7*98 , 

10*90 

9*29 

7*64 

6*30 

MnO 

0*14 ‘ 

0-27 

0*14 

0-12 

0*29 

B 

o 

O 

lit. fd. ! 

BaO 1 

trace | 





CaO 

7*24 1 

10-83 

7*90 

8*92 

9*15 

MgO 

11*70 

6-35 

5*97 

8*54 

6‘38 

K«0 

0-89 ■ 

0-56 

0-80 

0*81 

1*46 

NaoO 

3*82 ; 

2-55 

2*73 

2*54 

3*05 

Li.,b 

trace ' 


h Co at 105° C 

H-jO above 105° C. ... 
P-.Oo 

006 

0-51 

0-(3S 

^ 0-63 
0-28 

^ 0*76 
0-23 

0*68 

0*22 

1 1*60 
j 0*45 

PeSo 

0*02 1 


! 


0*51 





cd., ” 

0*46 1 











Totals ! 

100-54 ' 

99-35 

100*00 

! 99*64 

100*00 

i 


1 





V. Norite of the Arnaj^e Mass. Railway-cutting, 600 j’ards south of Mill 
of Inkhorn, Aniage, Kllon. Anal. E. G. Radley. 

1>. Average for chief oxides of six rabhros of the Huntly and Insch Masses : see 
‘Exilian, of Sheets 86 & 96 ’ Mem. Geol. Surv. Scot. 1923, Chap. VI. 

O. Average of all norite (seven anal3'ses) ; R. A. Dal^’’, ‘ Igneous Rocks & their 
Origin ’ 1914, p. 27. 

IX Average of 44 rocks, designated norite, in Rr. H. S. Washington’s ‘ Chemical 
Analyses of Igneous Rocks ’ U.S. Geol. Surv. Professional Paper 99, 1917. 

E. ‘'Primary basaltic magma’ of R. A. Dalj’’, ‘Igneous Rocks & their Origin’ 
1914, p. 315. 


V. The Contaminated Kocks. 

Introduction. — Between the kernel-norites and the true 
eountry-rocks is a zone several miles wide made up of the rocks 
lierc styled contaminated. This zone is believed to lie above 
the norite-sheet exposed in the kernels (see tig. 2, p. 462), and 
represents the modification of the initial magma by incorporation 
of country-rock. The chief characteristics of the contaminated 
3*ocks are four, namely : — 

(i) They are extremely rich in xenoliths. 

(ii) They are variable in grain and type-distribution. 

(iii) They have a more or less pronounced fluxional structure. 

(iv) They vary in composition from gahbroic rocks to rocks of granitic 

typo, and contain minerals — the chief of which are cordieri-fce, spinel, 
and garnet — usually considered abnormal in igneous rocks. 

The area covered by these contaminated I'ocks at Arnage is 
about IG squai'e miles. Their margins against the country-rocks-’ 

2 I 2 
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shown in fig. 2 have been plotted where no igneous material was 
discernible in these; but there is a gradual ]iassage from country- 
rock to contaminated rock, and from this to norite. TvTo cleartn* 
example of assimilation could be desired. 

Since these contaminated rocks are extraordinarily prone to rapid 
variation, it is a matter of some difficulty to attempt their de- 
scription, but certain broad tyiies and distributions can be recognized. 
These are 

(A) A type wliicli in eomi^osition approaches that of the norite ; this type 

occurs in small patches kneaded in among' the more contaminated 
types, and may be called the Gabbro Type. 

(B) The most -widespread type, occurring typically north of a line drawn 

from Ardlethen to Gookstoxi (see fig. 2, p. 452), and consisting of 
•varying associations of quartz, cordierite, plagioclase, alkali-felspar. 
and biotite, with rarer garne-b, spinel, and tourmaline. This typo 
represents the result of the modification of the initial magma by- 
quart zose and argillaceous sediments of the Fyvie Series, and biotito- 
schists of the Ellon Series. It will be here called the Arnage Typo. 
(G) A dioritic type seen between the Little Arnage kernel and the Eiver 
Ythan, and produced by the contamination of the initial magma with 
hornblende- schists of the Ellon Series ; this type, from its splendid 
exposures on the Kinharrachie estate, may be called the Kinhar- 
rachie Type. 

(B) The rocks occurring south of the Ythan around Ardlethen are dealt with 
separately in this description, since here (associated with the other 
types) is the best development of the granitic end-j)roduct of contami- 
nation. This granitic end-product may be called the Ardlethen 
Type; its importance from the petrogeiietic standpoint needs no 
emphasis. 

These four types, with their distribution and petrograpli}', will 
now be discussed in order. 

(A) The Gabbro Type of Contaminated liock. 

These I'ocks appear to provide transitions between the norite aiul 
the chief contaminated rock, that of Arnage Type. They occur 
away from the kernels, as small patches intimately associated with 
the contaminated rocks into -which they pass. As an extimplo, wo 
may take a small knob situated east of the Ebrie Burn, 500 yards 
south of Nether Mill, where, from a rock -face only a few square 
yards in area, there can be collected homogeneous gabbro tyx)es and 
variable contaminated rocks crowded with xenolitlis. Other good 
localities for these little-modified types are in the wood east of 
Waulkmill of Savoch, or at Mill of Elrick at the northern end of 
the Ai'nage Mass. 

In itself, this gabbro type is variable, in sharp contmst witli the 
strictly uniform norite. Two chief varieties are noted : the first of 
these can be seen in the wood east of Waulkmill of Savoch, or at 
the Ebrie side 300 yards south-east of Mains of Di’umwhindle, and 
is a coarse grey rock showing large plates of biotite. In slice it is 
found to be a quarte-gabbro made up of diallage, hypersthene, acid 
labmdorite, and quartz. The quartz is much more abundant than 
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in the norite, and forms large patchy aggregates of grains ; 
commoner, too, are t)ie biotite and liornblentle. 

The second Tariety of this type is fine-grained, and is found, 
associated with much-contaminated rocks, in the Xcther Mill knob, 
at Mill of Elrick, or in the wood east of Waulkinill of Savocdi. 
In slice the structure is granular, and the rock approaches a 
heerbachite. Not only is the structure different from that of 
the norite, but the pyi’oxene is now mainly monocliiiic. The rock 
consists of siibliedral ]n*isms of acid labradorite, granular pyroxenes, 
brown-green hornblende, biotite, qiairtz, and magnetite. Like their 
jnoro contaminated associates, these <piai*tz-gabbros have often a 
fairly well-defined Huxional structure. 

There also occur, at Towie Wood and elsewhere, a few small 
patches of contaminated rock which are like the Arnage Type 
to he next described, but show a small amount of hypersthene, 
in addition to much tpuirtz, acid labradorite, l>iotite, often horn- 
blende, and rarely eordierite. These patches are closely associated 
with contaminated rocks of the Arnage Ty})e, into which they pass 
gradually by loss of bypersthene and increase of eordierite. 

In all these gabbro-types the plagioclase is richer in the albite- 
molecule than is that of the norite. 

(B) Quartz-Biotite-Felspar-Cordierite-Rocks, or 
the Arnage Type. 

Mode of occurrence. — As abeady stated, this type of con- 
taminated rock is found mainly north of a line drawn from Mill of, 
Kinharrachie to the southern end of the Little Arnage kernel, and 
thence to Cookston ; it is the most widespread of the contaminated 
types, and, in the whole Arnage Mass, occurs over an area of about 
13 square miles. In the field the rocks of this type ai*e extremely 
variable in structure, and in the relative proportions of theb com- 
ponent minerals; but all varieties agree in showing partly digested 
sedimentary xeiioliths, which are often sutiieieiitly abundant to 
impart to weathered sui*faces of the rock a eonglomemtic aspect. 
These xenoliths are described on pp. 473-7S ; here onl^" the con- 
taminated matrix is dealt with. AnyAvhere outside the keniels 
this tyi^e and its xenoliths can be studied, but especially beautiful 
phenomena can be seen at the following localities : — 

(1) Towie Wood, at the southern end of the Inkhorn 
kernel, a mile and a quarter north of Arnage Station. — 
In the ground immediately east of the i*aihvay, and especially in 
a rocky knoll rising out of a peaty fiat there, the contaminated 
rocks enclose abundant xenoliths of hornfelsed quartzite and blue 
argillaceous hoinfels. The bedding of the larger of these hornfels- 
blocks has a constant dif> over the area ex]x>sed, 2 x>inting to roof- 
contamination ; they are described in detail on pp* 474-78. Often 
the contaminated rock forms a lit-par-lit complex with the 
argillaceous horiifels, and all stages of mixture of hornfels and 
magmatic rock can be observed: the first stage consists of the 
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veining of large liornfels-blocks by threads of contaminated rock ; 
a second of a lit-par-lit complex, with perhaps equal amounts of 
sediment and magmatic I’ock ; and a final stage of a somewhat 
homogeneous rock, with only small ghosts of xenoliths left. A good 
deal of quartz occurs as knots, nests, and stringers, as if it were 
rejected in the contamination-process. 

(2) Wood, east of Waulkmill of Savoch. — Here, in 
addition to the beerbachitie gabbro and the quartz-gabbro already 
described from this locality, there are several varieties of quartz- . 
cordierite-biotite-felspar-rock, with many ghosts of xenoliths and 
considerable quartz-nests. Farther south along the Ebrie Burn, 
similar xenolithic garnetiferous contaminated rocks are seen. 

(B) Carding Hill, a third of a mile north-east of 
Arnage Station. — This conspicuous hill provides very good 
exposures of garnetiferous xenolithic contaminated rocks, rich in 
biotite j fluxional structures aj^pear to run north-east and south- 
west. 

(4) Arnage vStation Quarry, 300 yards south-west of 
Arnage Station. — Very beautiful and fresh specimens of 
garnetiferous contaminated rocks are obtainable here ; they show 
a well-marked fluxional structure running north-noi*th-east and 
south-south- west ; there seems to have been a very thoi’ough 
kneading of matrix and xenoliths, and thus the latter tend to occur 
as wisps, films, or pulled-out ‘ ghosts.’ 

(6) Callow Hill, between the railway and the Ebrie 
Burn, two-thirds of a mile south-south-west of Arnage 
Station. — ^Many varieties of contaminated rocks are exposed here, 
some fine-gi’ained, some extremely coarse, some with a multitude 
of xenoliths, some practically homogeneous. There is> often a 
tendency to handing or fluxional structure, but no definite orienta- 
tion was observed. 

(6) Hirk Hill and Hilton Croft Quarry, between the 
Arnage and Little Arnage kernels. — Good exposures of 
coarse biotitic gaimetiferous contaminated rocks, and many other 
varieties, one of which is pox'phyritic, are seen at these localities. 
Fine blue hornfelses can be coUeeted in Hilton Croft Quarry. 

(7) The Ardgrain-Elphin section, miles north of 
Ellon. — On the rough gi'ound along the road leading from Upper 
and Hether Ardgrain to Elphin are abundant rock-exposures which 
show a perfect gradation from Ellon gneiss on the south-east into 
contaminated rock on the north-west. Starting at the Ellon gneiss 
and going north-north-westwards, we find first gneisses, delicately 
lit-par-lit in jected and veined by threads of igneous contaminated 
rock, exposed south of Upper Ardgrain. These igneous injections 
increase in abundance north-westwards, so that at the farm itself 
there are good massive contaminated rocks with xenoliths of horn- 
felsed gneiss. Similar rocks are seen on the Hill of Ardgrain 
north-east of the farm. On a line north-north-west from the farm 
to the top of Elphin Hill the rocks exposed ai’e coarse garnetiferous 
mixtures, with abundant hornfels xenoliths ; these xenoliths preserve 
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a constant bedding-dip to the north-west, and the dip of the 
fluxion in the magmatic rocks is in the same direction. On the top 
of Elphin Hill the contaminated rock is one typical of the Arnage 
Type ; it holds small xenoliths of blue hornfels, and is nested with 
much quartz. The strike of the fluxion is still north-east and 
south-west. 

(8) Hayhillock knob, half a mile south-south- west of 
Hay hillock. — At this locality are found associated excellent 
examjples of the Arnage T^'pe of felspar-biotite-quartz-cordierite- 
rock and hornblendic rocks of the Kinharrachie Type. All these 
rocks are patchy and streaky% with a fluxion running noi’th-east 
and south-west ; xenoliths of quartzite and argillaceous schists are 
abundant ; the smaller xenoliths, chiefly of shaly material, are 
aligned with the fluxion, which curv’^es in treacly bands around the 
larger xenoliths. There are abundant nests of white quartz 
measuring up to 2 inches in diameter. 

From the field evidence there can be little doubt that the 
eontaminators of the initial magma which provide the Arnage 
Type are andalusite-sehist and quartzite of the Fyvie Series and 
biotite- gneisses and schists of the Ellon Series. From certain 
evidence given in § VI it appears that the most important con- 
taminator for this Arnage Type is an argillaceous schist (see 
jy. 474). 

Petrography. — In hand-specimens the rocks of this type are 
coarse-grained, greyish or bluish, and show biotite, cordierite, quartz, 
and felspar. Large pink garnets are usually scattered through the 
rock ; xenoliths are seen in all stages of digestion, and there can 
be no doubt that the matrix in which they are held was a magmatic 
rock. In a weathered condition the garnetiferous rocks of this 
type resemble a plum-pudding in appearance, for the felspars take 
on a rich brown colour, and serve as a suitable background for 
black biotites and red garnets. 

The chief mineral constituents of the Arnage Type are quartz, 
cordierite, felspars (oligoelase-andesine, soda-mieroeline, and rare 
orthoclase), and biotite; less common, although of widespread 
occurrence, are garnet, spinel, and tourmaline (see fig. 4, p. 462). 
The occurrence of small amounts of pj’xoxenes in this tyq^e has 
ah*eady been noted. 

Quartz foi*ms lai’ge grains often aggregated into patches ; lines 
of inclusions traverse the grains at right angles to the fluxion, when 
this is present. 

Felspar occm's in three species. Most abundant is oligo- 
c la se-an desine in fresh well-fonned crystals, often included in 
the quartz ; this plagioclase is usually about 2 to 3 mm. long, but 
in certain rocks it builds porphyritie crystals with a maximum 
length of 1 cm. Extinction-angles on cleavage-flakes and the 
refractive index indicate that it has a composition of Ab^^ 

Its sign is negative, but in rare eases a positive sign has been noted^ 
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showing that occasionally it is as basic as andesine. Very fine 
albite and pericline twinning is seen. The second type of felspar 
is one which seems to merit the name of soda-microcline. 
This occurs in grains and crystals of late formation, which in most 
cases show a hazy lattice-twinning, best seen when the crystal is 
almost in the position of extinction. Extinctions on cleavage- 


Fig. 4 .' — Contaminated roeJes, 

^ J3 



A & B, Arnage Type. Co. = cordierite ; PI. ■= oligoolase-andesine ; Qss . = quarts ; 
Bi.s=biotite; Ga.= gurnet 5 the solid black is iron- oxide ; X 20 (see 
p. 463). 

[The rock of B has been analysed : see Analysis VII, Table III, p. 464.] 
C, Kinharraohie Type. Ph= andesine; Qz.= quartz; Ho. = hornblende ; X 30 
(see p. 466). 

J>, Ardlethen Type. Pl.=oligoclase; Or.=orthoclase ; Mic.=imicrocline ; 
Qz.= quartz; Bi.—biotite ; X 20 (see p. 472). 

flakes are always low ; the sign is negative. Its refractive index 
is distinctly higher than that of the orthoclase present, and has a 
mean value of 1*526- The optic axial angle is small, 2V being 
about 40°. This last observation, taken in conjunction with the 
other optical properties, indicates that this felspar is a microcline 
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containing a considerable percentage of the albite-iiiolecule — a 
soda-inieroeline. Ortlioelase is not abundant in this type: it 
occurs as grains of large size in certain specimens. Large grains 
of micropegmatite are noted in the rocks rich in alkali-felspar; 
these grains are either enclosed in the felspar, or lie at the borders 
of two felspar-grains. 

Cordierite forms euhedral prisms, with well-devtdoped trillings 
and magnificent pleochroie haloes around zircons. It is often 
enclosed by both £els]3ar and quartz ; but, from its characters, 
relation, and form, there can be no question that it is a true 
separation from the magma, and not xenoerystic from some pre- 
existing cordierite-bearing rock. In size it may reach 6 mm. or 
more in length ; its haloes are often 0‘!25 mm. across. Occasionally 
it includes small biotite-fiakes or green spinel-grains. It alters 
marginally and along cracks, either into yellowish serpentinous 
substances, or into micaceous products, which in later stages pass 
into individualized colourless mica-plates. 

Biotite forms large plates, with a jdeochroism from pale ^’ellow- 
hrown to deep red -black. These plates have often a tendency to 
finger out into the adjacent minerals, or to show a subskeletal 
form. They alter to green chlorite, exposing a delicate sagenitie 
web. 

G-arnet is of widespread occurrence, and builds pink subhedra 
often 1 cm. across; it encloses quartz-grains and biotite-fiakes. 
Spinel forms clusters of deep-green grains enclosed in cordierite- 
patches. Sillimanite has been noted once, and then builds small 
prisms. Blue tourmaline is often seen; in one example it 
builds a micropegmatitic intergrowth with quartz between felsj^ar- 
crystals. Iron-ore is not abundant, and forms black rounded 
grains usually associated with biotite. Zircon is of widespread 
occurrence ; apatite is less common. 

The relative proportion of the chief constituents is extraordinarily 
variable. Anj" of the four main components (quartz, cordierite, 
felspar, and biotite) may dominate, and single hand-specimens may 
show bands of very diverse ratios. Perhaps the main type, 
however, is one in which there are about equal amounts of quartz, 
cordierite, oligoclase-andesine, and biotite, with a few grains of 
soda-mierocline and a spattering of garnet and spinel (see fig, 4). 
Two rocks of this type have been analysed, and these are included 
in Table III, Analyses VI & VII (p. 464). Occasionally, perhaps 
SO per cent, of the rock may be formed of large crystals of 
cordierite, between which are gzu.ins of quartz, oligoclase-andesine, 
and a little biotite. Sometimes, on the other hand, cordierite may 
be absent, and the rock is composed of quartz, oligoclase-andesine, 
and biotite, of what is usually taken as a pm'ely igneous aspect. 
Again, the relative amounts of the two main fels]>ars varies ; 
oligoclase-andesine is always present, while soda-microeline is often 
absent, but in some examples this latter felspar may be quite as 
abundant as the former. Quartz-rich varieties are common, and 
form granitic bands in the other variations. All tliese types occur 
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TABiii: III. — Aitaltses of Arnage Contaminated Bocks. 



VI. 

VII. 

VIII. 

SiOa 

62-39 

47-88 

69-84 

TiOo 

0-99 

1-49 

0-60 

AI-Aj 

17*33 

26-36 

13-16 

FeAa 

0-48 

0*95 

1-45 

CraOjj 

nt. fd. 

lit. fd. 


VAi 

lit. fd. 

nt. fd. 


FeO 

7-19 

12-01 

2-37 

MuO 

0-18 

0-18 

0*15 

(CoNi)O 

nt. fd. 

nt. fd. 

nt. fd. 

BaO 

0-03 

001 

0*11 

CaO 

2*10 

2-91 

2*13 

MgO 

2-81 

2*87 

1*06 

KA 

0-48 

1-31 

6*68 



3*41 

1-75 

3*07 

Li A 

nt. fd. 

1 trace 

nt. fd. 

HA at 106^ C 

Oil 

023 

0*09 

HA above 106° 0. ... 

1-47 

1-32 

0-06 

PaOs 

0-22 

0-32 1 

0-14 

PeSa 

0*06 

0-23 

0*01 

Pe7S8 

0-58 

0-16 


COa 

0*42 

0!23 

0*09 

Totals 

100*24 

100-20 

100-01 






VI. Contaminated Bock of Arnage Type, quarry at the roadside, half a mile north- 
east of Mains of Drumwhindle, Ariiage. Anal. B. G. Badley. 

VII. Contaminated Book of Arnage Type, Carding Hill, 700 yards south-south-east 
of Arnage House, Arnage. Anal. E. G, Badley. 

VIII. Contaminated Bock of Ardlethen Tyj^, quarry at the roadside, 340 j-ards 
south-south-east of Ardlethen. Anal. E. G. Radley. (See p. 467.) 

in intimate association, but it may be said that the main type is 
a quartz-cordierite-f elspar-biotite-rock (see fig. 4, p. 462). 

The average diameter of the grains in these rocks is 1 to 2 mm. 
Usually there is a well-expressed filuxional structur-e, shown by the 
orientation of the biotite-flakes and the longer axes of cordierite 
and felspar-crystals. But rarely in this type is undulose extinction 
in the quartz observed, and the fluxion appears to be the result of 
flow of a pasty crystal-mush. A broader banding is often seen by 
the alignment of’ streaks of varying composition, and this is 
emphasized also by the filming-out of xenolithic relics. On a 
smaller scale is a patchiness observed in slice, evinced in cordierite- 
rich or biotite-rich streaks or patches of small size. Akin to these 
banded and patchy rocks are some which show imperfect kneading 
of the sediment-magma mixture. These rocks are of the usual type 
of cordierite-biotite-quartz-plagioclase-rock, but have certain bands 
rich in cordierite, often ci’owded with small spinels and biotite- 
plates ; these bands appear to i-epresent material largely of 
sedimentary origin, which has been but imperfectly incorporated 
in the contaminated magma. These streaks blend imperceptibly 
with the matrix, and appear to i-epi'esent a very advanced stage of 
incorporation of xenoliths. 

Certain of the bands in the Arnage Type are almost of granitic 
nA.ture. beins" iDale in colour and noor in cordierite. 
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(C) Hornbleiide-Biotite-Quartz-Plagioclase-Rock, or 
the Kiiiharrachie Type. 

The second of the main tj’pes of contaminated rock is dioritic in 
composition, and is found between the Little Amage kernel and 
the Ythan (see fig. 5, p. 468). Two series of exposures serve to 
explain the origin of this type : the first of these is supplied by 
the railway-cutting between Ellon and the Little Arnage kernel, 
supplemented by abundant rock-knobs in the ground due west 
of the railway towards Waulkmill; the second is provided by 
numerous outcrops in the woods between the Ellon-Methliek main 
road and the Ythan (see fig. o). These two series of exposures 
are described in detail. 

The rail way -cutting in the rocks concerned begins at a point 
lialf a mile north of Ellon Station, and continues northwards for 
over a mile until the norite of the Little Arnage kernel is reached. 
A traverse from south to north along the cutting displays the 
characters and origin of this dioritic type very clearly. In the 
cutting due east of Mains of Auchterellon are found coarse 
hornblende-schists and subordinate biotite-gneisses of the Ellon 
Series ; these schists are threaded with delicate strings of acid 
igneous material. The same association of country-rocks continues 
for three-quarters of a mile northwards along the cutting ; but an 
increase in the amount of igneous material can be observed. At 
the road-bridge half a mile south of Little Arnage the blocks 
blasted from the cutting are piled up in a field on the west 
side of the railway, north of the road, and supj)ly very clear 
evidence as to the nature of the I’ocks concerned. Country-rock 
still dominates, but a good deal of igneous veining is seen, and 
noteworthy is the presence of abundant garnets in both veins and 
host. Some hundred yards north of the bridge the rock definitely 
becomes mainly igneous, with hornfelsed xenolithie fragments of 
hornblende- and biotite-schists ; northwards the amount of the 
igneous component increases, until the true norite of the Little 
Arnage kernel is reached. An exactly similar gi’adual passage 
from country-rock to contaminated rock can be seen in numerous 
traverses from the Ellon-Kinharracbie road, north-westwards to 
Waulkmill and Little Arnage. In the conspicuous knob between 
Hay hillock and Waulkmill the dioritic type is found in intimate 
association with rocks of the Arnage Type ah*eady desei-ibed. 

In hand-specimens the contaminated rock, largely of igneous 
origin, is usually coarse in gi-ain and speckled with white felspars 
and black biotites and hornblendes ; often the rock is homogeneous 
and of normal igneous aspect, hut sometimes dark hornblendic or 
biotitic streaks, representing relic xenoliths, are visible. In many 
eases it would be an easy matter to conclude, from an inspection of 
hand-specimens alone and without field-knowledge, that the rocks 
under discussion should be regaixied as true igneous rocks. 

The mineial-content of this dioxitic type is quai'tz, plagioclase, 
hornblende, biotite, pyi’oxene, and iron-oxide. 
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The quartz occurs mainly in lenticular areas made up o£ 
elongated grains, which usually show a slight undulose extinction. 
The felspar is a niediuin andesine, with a refractive index of 
1*558, and forms stout crystals somewhat lenticular in outline. 
Fine albite and pericline twinning is developed. A few crystals of 
orthoclase have been noted. Biotite forms trains of small 
plates expressing the fluxion, or large individual plates ; the 
pleoohroism is from pale yellow to deep brown. Hornblende 
occurs in two types ; the one forms collections of prisms, almost 
colourless in slice and exhibiting lamellar twinning, the other builds 
very large ophitic plates enclosing the felspar. This second 
variety is deeply coloured, and is ])leochroic in yellow, green, and 
brown. Both varieties are usually found associated, but their 
time-relations are uncertain. Small areas of quartz-hornblende 
micro]3egmatite, akin to those resulting from reaction-processes, 
have been noted. Both m o n o c 1 i n i c and rhombic pyroxenes 
occur. The naonoclinic 2 >yroxene is found only as rounded grains, 
associated with quartz and enclosed in large hornblende-plates ; it 
is x:)ossibly of contact-origin (see p. 478). Hypersthene is rare ; 
it occurs in subbedral grains showing vivid green and pink pleo- 
cdiroisin, and is often associated with hornblende and biotite. Black 
iron -oxide forms grains in the mafic minerals, or scattered dirty 
paitiieles (chiefly in the pale amphibole). 

The relative amounts of hornblende and biotite vary, sometimes 
only a little hornblende being seen, at others only a little biotite ; 
but usually about equal amounts of each occur. 

These rocks show, especially in the biotite-rich types, a well- 
developed fiuxional structure, made plain by the lenticular form 
assumed by the quartz and felspar and by the rude alignment of 
biotite-plates. 

It is of importance to record that, in certain places at the 
northern end of the cutting described, the contaminated rock is 
richer in leucocratic minerals than usual, and ap]proaches a horn- 
blende-granite in appearance. The constituent minei’als of this 
granitic type are dominant oligoclase-andesine, less common 
orthoclase and mierocline, Avith biotite and hornblende, and the 
rock occurs as sehlieren in the dioritie type. 

The second series of exposures of contaminated rocks of Kin- 
harrachie Type is found around West Kinharrachie, and can be 
easily studied in the Avooded knolls lying between the Ellon- 
Methlick road and the Kiver Ythan (see fig. 5, p. 468). There is 
here a very complete passage from hornblende-schists of the Ellon 
Series north-Avest\yardwS^ into biotite- and liornblende-bearing con- 
taminated rocks of dioritie aspect. Certain of the mixed rocks are 
richer in biotite, felspars, and quartz, and poorer in hornblende 
tlian the usual dioritie rook j they proAude a hornblende-gi'anitic 
type. 

The biotite-gneisses and hornblende-schists of the Ellon Series 
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are seen near East Kinharraclue, Avliero they are veined by a tew 
acid strings composed of andesine and quartz. Earther north- 
west the number of acid strings increases, and the hornblende- 
schists appear in places to have mixed with tlie acid injections 
along the walls of the vein-j^assages, with the result that the 
threads hold considerable hornblende. vStill farther north-west- 
wards the veins broaden out and coalesce, and the rock assumes a 
xenolithic aspect. The rounded xenoliths lie in a matrix of coarse 
andesine, quartz, large hornblende-ijrisms, and biotite-jdates. These 
early stages may be seen in many excellent exposures l;>dng 
south-east of West Kinharraehie. At West Kinharrachie perhaps 
half the rock is of later igneous parentag*e, with ‘ ghosts ’ and 
small rounded xenoliths of hornhlende-roek lying in a felspathic 
hornblendic matrix. In Oraigouthorn Wood, "north-west of West 
Ivinharrachiej the hornblendic mixtures pass into hiotite-plagioelase- 
ijuartz rocks resembling non-cordierite-hearing Arnage types. Still 
farther north-westwards towards the Mill the dominant- rock is of 
Arnage Type, though here too ai*e hornblendic lenticles. An 
instructive but much weathered section is seen in an old quarry at 
the roadside, 250 yards north of West Ivinharraehie. Here the 
hornblendic acid mixture with its hornhlendie xenoliths appears 
to have been engulfed as large blocks in the non-hoi*nblendic*, 
biotitic, Arnage-T 3 ’pe rock, wliieli truncates the acid veins or 
matrix of the hornblendic tjqx?. This points to the conclusion 
that the acid veining supplies the loosening agent preparatory to 
the advance of the main body of biotitic contaminated rock. 

^ In the details of their petrography the rock-types ai'ound 
Kinharraehie are like those already described from the railway- 
cutting (see fig. 4, p. 462).^ The hornblende occurs in the more 
inaginatic types in large ophitic plates enclosing euhedral felspars. 
There is a well-marked fluxion in the more biotitic types. The 
contact - metamoi'phism suffered by the hornblende-schists is 
described in § VI, p. 47S. 

The rocks of the Kinhari’achie area were described b}’' J. S. Giunt 
Wilson 1 as " hrecciated gneiss and their outcrop was shown on 
the 1-inch geological map. 

It has been demonstrated, therefore, that the result of contami- 
nation of the initial magma by the Ellon liornblende-sehists is the 
pi'odnetion of rocks resembling quartz-diorites which, in places, 
pass into granitic types. 

(D) Contaminated Rocks of the Ardlethen Area ; 
the Ardlethen Type. 

hiow that the characters and origins of the contaminated rocks 
of Arnage and Kinhari*aehie Types have been discussed, the more 
intricate ground around Ardlethen (see fig. 6) may he considered, 
Thds. area dealt with here comprises the Ardlethen estate south of 

^ ‘ Explanation of Sheet 87 ’ Mem. Geol. Surv. Scot. 1886, p. 8. 
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the Ytlian, and the ground around Glencroft north of that river, 
A. large part of this ground is well exposed ; especially is this the 
case along the Ythan Yalley proper. 

In the Ardlethen district we encounter again the Arnage Type 
(eordierite-biotite-quai*tz-oligoclase - rock) and the Kinharraehie 
Tyj)e (hornhlende-biotite-andesine-quartz-rock) ; but the most 
important feature is the development of an acid facies of the 
contaminated rocks — the Ardlethen Ty]De. This acid phase 
appears to pass, near Glencroft, into a rock of so normal a granitic 
nature that at first it was mapped as a granite of an ancestry in 
which contamination had played no part. In addition to these 
points of petrogenetic value, there are at Ardlethen certain 
structural features of interest. The develo 2 nnent of the Arnage 
and KinhaiTachie Tyj^es will be described first, and then the 
granitic end-products of Ardlethen Type. 

Contaminated rocks of Arnage Type are found along the south- 
ern margin of the Mass from Hillhead of Ardlethen to the Cat 
Craigs north of Ythsie ; they occur also, among other jdaces, in 
the wood half a mile north of Ardlethen, near Ardlethen itself, 
and a third of a mile north of Glencroft. In all cases they hold 
abundant xenoliths, either of hornfelsed biotite-schist of the Ellon 
Series, or of hornfelsed andalusite-schist of the Pyvie Series. 
In slices, rocks of this ty]pe are like tliose already described from 
Arnage, and are composed of quai*tz, oligoclase, biotite, and 
eordierite, with often abundant green s 2 )inel and pink garnet. 
Certain of the rocks of this class contain much soda-micro- 
cline and orthoclase, and provide excellent transitions towaixls 
the Ardlethen Type presently described. Others lack eordierite, 
and afford a second transition to the acid end-j>roduet. As will be 
noted later (see p. 470), the cordierite-bearing tyjDe ai^jDears to 
jDass into the granitic Ardlethen Type, 

Some interesting phenomena, seen in the wood nearly half a mile 
north of Ardlethen, may here be noted. When this wood is 
viewed from the noi*th, say from a point near Glenei’oft, it is 
observed that there is a conspicuous humj) in the general even 
sweep of trees. When investigated more closely, this hump is 
seen to he due to a cake of quartzite doating, as it were, on the 
contaminated magmatic rock around it. This quartzite is part 
of the Fyvie Series, and forms a cake, 400 yards long, in which the 
bedding dips steeply westwards. With the quartzite is associated 
a narrow belt of limestone, seen at Aixllethen Quarry, and in the 
wood 660 yards north by west and 900 yards north of Ardlethen 
(see fig. 5). There can be no doubt that these represent patches 
of the sedimentary roof preserved upon the contaminated belt. It 
is to be noted that this quartzite cake is veined by cordierite-bearing 
contaminated rocks, which cany xenoliths of blue argillaceous 
hornfels. The inference can be drawn therefrom that the quartzite 
cake owes its preservation to its greater resistance to the corrosive 
action of the magma. What are best considered as further examples 
of these I’oof-phenomena are seen 1000 yards and 1200 yards 
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resj)ectLvely west-north-west o£ Gleneroft. The diiDs of the 
bedding in all these roof -cakes are the same. Not mnch difereut 
are the dips of the bedding in the smaller xenoliths in the ground 
near Ardlethen and out towards Ythsie. These are roof-phenomena. 

The diorite or hornblende-biotite-felspar-quartz-i’ock of Xinhar- 
rachie Type is simply the southern continuation of that type from 
the north side of the Ythan (fig. 5). Such t 3 qDes occur in Boat 
Wood, 200 yards west of Boat of Ardlethen, in the wood 400 yards 
west of Hillhead of Ardlethen, and in the roadside quarry 340 
yards south-south-east of Ardlethen. West of Boat Wood this 
type is of subordinate impoi*tance, and occurs only as patches 
in rocks of Arnage or Ardlethen tyj^es. In slice, rocks of the 
diorite type show coarse associations of quartz, oligoclase-andesine 
and andesine, large plates of biotite, and ophitic hornblende-plates. 

Occasionally, as in the wood 1000 yards north of Ardlethen, 
the contaminated rocks are hjq^ersthene-bearing. They are com- 
posed of hypersthene, hornblende, biotite, quartz, and an inter- 
mediate plagioclase ; they are to be compared with the Cxabbro 
Type discussed on p. 458. 

The Ardlethen Type occurs in three areas north and south of 
Ardlethen (fig. 5, p. 468). The structural relations of this type 
to the rocks just described will be best discussed hy considering 
certain of the localities at which they are well seen. In fig. 5 
these localities are shown by numerals ; fluxion in these and the 
adjacent rocks is indicated also in the figure. 

Locality 1. — 400 yards south-west of Hillhead of 
Ardlethen. — This is a poor exposure, bxxt sufficient is seen to 
provide an introduction to the pr-oblem. Bock of Ardlethen Type 
is here intimately associated with cordierite-biotite-oligoclase- 
quartz-rock of Arnage Type ; the whole is streaky, fiuxional, and 
xenolithic, variable in grain and in distribution of biotite, which 
occurs often in felts in the more acid rocks. A variation from 
Ardlethen Type to Arnage Type is often seen in the same block. 
The inference can be drawn that here the granitic end-product 
occxms as lenticles and streaks in the dominant coixlierite-bearing 
Arnage Type, and, like it, must be considered to be of contaminated 
origin. 

Locality 2. — In the wood, south of the Y'owlie Burn, 
300 yards north-west of Hillhead of Ardlethen. — At a 
point 100 yards south of the Y’owlie Burn are seen magnificent 
crags of garnetiferous eordierite-contaminated rocks of Arnage 
Type, with abundant blue hornfels-xenoliths ; a good flow-sti’ucture 
strikes north 15*^ west. Northwards from this locality we en- 
counter a perfect and gradual passage from these Arnage Typo 
rocks with abundant xenoliths into more felspathie types with 
fewer xenoliths, and fi'om these again into a gneissose granitic 
Ardlethen Type, wnth no xenoliths beyond a few streaks of 
aggregated biotite of the thickness of cardboard. The whole 
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transition occupies a widtli of about 10 yavds perpendicular to tlie 
direction of flow. It is important to note that the fluxion becomes 
more intense with the development of granitic character, and 
maintains a ilgid direction of north lo^ west over the whole 
exposure. 

Locality 3. — Quarry, north of the Yowlie Burn, 350 
yards north-west of Hillhead of Ardlethen. — A freshly 
quarried face here gives another transition from a western outcrop 
of xenoHthic Arnage Type to a mass mainly of acid Ardlethen 
Tyj)e, with streaks and bands of dark biotite-rich, felspar-poor 
rock ; the acid type passes eastwards into a biotite-rich contam- 
inated rock, with flattened lentieles of xenoliths. The strike of 
the fluxion and streaking is north 15° west in both Arnage and 
Ardlethen Types. This constancy of the strike of the fluxion, 
observed at both Localitj^ 2 and Locality 3, shows that the two 
rock-types belong to the same period of intrusion, and that the 
granitic product cannot be interpreted as a later intrusion — a con- 
clusion confirmed by the complete absence of intrusive junctions 
and by the detailed petrography of the product (see p. 472). 

Locality 4. — Old quarry, at the roadfork, 640 yards 
south -south-east of Ardlethen. — ^This quarry is much over- 
grown, but shows the acidic Ardlethen Type with fluxion running 
north 20° west. The rock holds a few^ ghosts of xenoliths. 

Locality 5. — Quarry, at the roadside, 340 yards south- 
south -east of Ardlethen. — This small quarry shows many 
varieties of contaminated rock, the main variety being a pink, 
streaky, acidic Ardlethen Type, with less common hornblendic and 
biotite-rich Arnage Types. All these varieties occur in bands 
striking north 15° west, and showing a fluxion in the same direc- 
tion. An acid rock from this locality has been analysed (see 
Analysis YIII, Table III, p. 464). 

Locality 6. — Wood, 350 yards south-east of Ard- 
letheii. — Here occurs a massive homogeneous acid rock, with no 
visible xenoliths, and showing flow-structure which strikes north 
10° east. 

Locality 7. — Craigiehill Wood, 700 yards south-east 
of Ardlethen. — Many bold crags in this wood show a close 
association of contaminated rocks of Arnage and Ardlethen Types, 
the former containing garnets and blue hornfels-xenoliths. The 
strike of the fluxion varies from north 20° west to north 5° west, 
and is seen in both tyx>es of rock. 

Locality 8. — 250 yards north of Ardlethen. — Garneti- 
ferous and cordierite-bearing acidified products are hei'e seen 1 i t - 
par- lit injected into, and mixed by absorption with, garnetiferous 
blue hornfelses. The contaminated rocks vary from a cordierite- 
bearing granitic Ardlethen Type, back to a cordierite and biotite- 
rich type of normal Arnage facies. 
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liocality 9. — Wood, south of the Ythan, 450 yards 
south of G-lencroft. — Here crags of coarse fluxional granitic 
end-product, with no visible xenoliths, occur. The width of the 
outcrop in an east-and-west direction exceeds 200 yards, and on 
both sides are passages to a cordierite-biotite mixture of Arnage 
Type, with multitudes of blue hornfels-xenoliths. The fluxion in 
the Ardlethen Type strikes noi*th 5° west. 

Locality 10. — dlencroft Quarry. — The quarry itself is in 
solid granite. Westwards and south-eastwards the granite is mixed 
with contaminated rocks of Arnage Type bearing blue hornfels- 
xenoliths. On the furze-clad ground north of the quarry the 
granite is often xenolithic, and passes northwards into the true 
Ardlethen Type, and this into the Arnage Type still farther north. 

These localities show, therefore, gradual transitions from a cor- 
dierite-bearing Arnage Type with xenoliths to a granitic Ardlethen 
Type without xenoliths, and in one place (Griencroft Quarry) the 
Ardlethen Type appears to pass into a granite of normal character 
and aspect. A common fluxion is seen in both the Arnage and the 
Ardlethen Types, and the latter occurs as schlieren, bands, or big 
lenticles in the former. It will be remembered, too, that in the 
main development of the Arnage Type, north of the Ythan around 
Arnage, there are granitic hands and streaks of small size. 

Petrography of the Ardlethen Type. — In hand-sjDecimens 
the granitic rocks of Ardlethen Type always show a pronounced 
fluxional sti'uoture, by which the lai*ge felspai’s (up to 1 cm. long) 
and quartz become lenticular, and are wrapped about by biotite 
films so that the rock simulates an augen-gneiss. In colour, the 
rocks are pale (the felspars being whitish or pinkish), and sti'eaked 
with dark biotite-films. 

In slice, the components of the Ardlethen Type are seen to be 
quartz, various felspars, and biotite, with less common garaet, 
cordierite, and spinel. 

The quartz forms aggregates of giuins often showing undulose 
extinction ; the alignment of the larger axes of the aggregates 
helps to provide the fluxional structure. The felspars are of 
various kinds: chief is oligoclase in large crystals, often 
showing pressure-efEects, and lenticular in outline. The plagioclase 
is rai'ely as basic as andesine. Less important than the plagioclase, 
though still abundant, are ortho c la se and mi crocline, which 
also occur in large plates similarly lenticular. The orthoclase is 
normal, and rarely shows mieroperthitic structure. The micro - 
dine has a well-developed cross-hatching and a large optic axial 
angle : its albite-molecule must he subordinate, in contrast to its 
importance in the soda-microcline of certain rooks of the Arnage 
Type already desoidbed. Grains, often of large size, of miero- 
]3egmatite are common, and often almost completely surround 
alkali-felspar crystals ; grains of my rme kite are rare. Biotite, 
pleochroie in pale yellow to deep brown-black, occurs either in 
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laths or stouter j)lates wrapi^ing round the felspars. In some 
examples the biotite is abundant, forming a felt pricked through by 
siniill felspars and quartzes. There are, too, streaks richer in 
biotite than the normal rock, which probably rej)resent relics of 
xenoliths of biotite-schist. 

The minerals just described constitute the usual Ardlethen Type 
(sec fig. 4, p. 462) ; there remain, however, certain minei*als of 
some importance to be noted. . G-arnet in rounded pinkish grains 
is widespread, though not abundant. Spinel occurs in clusters 
and streaks associated with eordieritie ; these undoubtedly 
represent far-gone xenoliths of argillaceous comi^osition. The 
occurrence of these minemls characteristic of the definitely 
contaminated rocks adds strength to the view tliat the Ardlethen 
granitic type is of contaminated origin. 

The rock seen in Gleneroft Quarry is a granite with only a 
poorly-developed fluxion. It is composed of biotite, the felspars 
of the Ardlethen Type, and quartz. Here, too. may he noted a 
tendency for the biotites to be clustered into rude streaks. 

An average rock of Ardlethen TVpe has been analysed by 
Mr. E. G. Hadley; this analysis is set forth in Table III, 464. 

VI. The Xexoeiths and Hojinfelses. 

The two series of Highland Schists taking part in the contami- 
nation of the initial magma provide recognizable xenoliths in the 
contaminated rocks ; these xenoliths give examples of exceptionally 
beautiful hornfelses, and, moreover, they play, or their like have 
played, a very important part in the contamination-j)rocess. No 
definite aureole has been found around the Arnage Mass, and 
such is not to be expected, considering the gmdual passage from 
country -rock to contaminated rock that is everywhere encountered. 

The broad distributions of the xenoliths belonging to the two 
main i*ock-series — the Eyvie and the Elion Series — are shown in 
fig. 2 (p. 452). It has been pointed out, also, in the description of 
the contaminated rocks, that the Arnage and Kinharrachie Types 
carry xenoliths of argillaceous schists of the Ellon and Ey vie Series 
and hornblende-schists of the Ellon Series respectively. The reader 
may thus form some notion of the distribution of the different 
types of xenoliths. With I’egard to the number of xenoliths, it 
may be stated that they must be reckoned in hundreds of thousands 
in contaminated rocks of Kinbarracliie and Arnage Type ; but 
tliey are rare in the Ardlethen gianitic type, and only one has 
been noted in the noilte of the kernels. 

Four types of xenoliths are met with, con’esponding to the 
original rock-types of (1) felspathic quartzite of the Eyvie Series, 
(2) andalusite-schist of the Eyvie Series, (3) hiotite-schist of the 
Ellon Series, and (4) hornblende-schist of the Ellon Series. 

Some of the multitudinous details noted of the mode of occur- 
rence of the xenoliths may he given. The strike and dip of the 
bedding of the larger xenoliths agree with those of the adjacent 
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country-rock (see figs. 2 & 5, pjD. 452, 4(58) ; examples have 
already been described from Towie Wood (j). 459), Ardletheu 
(p. 469), and elsewhere. The process of lit -par -lit injection 
does not markedly disturb the lie of the xenoliths. In the case of 
the smaller xenoliths, no definite orientation is to be seen, except 
that their longer axes agree in direction with the fluxion when 
this is at all well expressed. 

In size, the xenoliths vary from yards to fractions of an incli 
across, but an average size for slaty xenoliths is about 3 inches 
long by 1 inch wide, and about half an inch thick. 

The slaty xenoliths, and those of the hornblende-schist produced 
by the coalescence of tlie Kinharrachie veins (see p. 467), are 
rounded in form ; but quite difierent are those of quartzite of the 
Fyvie Series, which are angular and have sharp, straight edges. Jt 
is instructive, too, to compai'e the sizes of the argillaceous and 
quartzose xenoliths occurring in the same i*oek-exposares of the 
Arnage Type : — 

Measurements in Inches. 

(1) Gallowliill. — Quartzose xenoliths; 12x3; 6x2; 7x3; 16x6; 
24X4. 

Argillaceous xenoliths ; 2x1; 4X2; 2x-^; 2x£. 

(2) South of Waulkmill of Savocli. — Quartzose xenoliths: 7X4; 
3X3; 9X1 ; 2^X8; 10x6. 

Argillaceous xenoliths : faint ‘ ghosts * only seen. 

(3) Towie Wood. — Quartzose xenoliths: 23x6.1-; 24x6; 7X4; Sxl.l; 
6X3. 

Argillaceous xenoliths : 11x3; 12x11; 4X1; and many smaller. 

The conclusion appears to be warranted that argillaceous 
sediments are more readily reacted upon by the initial magma 
than is quartzite. The same result is seen in the Ai’dlethen roof- 
cake (see ]y. 469), wdiieh is composed of quartzite, but floats upon 
and is veined by contaminated rock canying ai'gillaceoxis xenoliths. 
We see too, perhaps, an expression of the same phenomenon in the 
nesting of the contaminated rock by quartz, which seems to have 
been rejected and segregated in the contamination-process. It 
may ho concluded, then, that the most important containinator 
for the Arnage Type of product is sediment of argillaceous nature. 

The only xenolith observed in the norite-sheet may here he 
noted; it consists of quartzite, and stands up wall-like in the 
norite in the railway-cutting south of Burngrains. The norite is 
norite and the quartzite quartzite up to the very junction-planes. 


Petrography. 

The hornfelses of the Arnage district are of such beauty that it 
is considered advisable to make them the subject of another com- 
munication- Enough will be said here, however, to enable the 
z'eader to form an idea of their nature and composition, since they 
play an important part in the contamination-process* The 
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xenoliths and liornt’elses are now described nnder tlie heading's of 
their original rock-tjpes. 

Limestone. — Limestone forms part of the Ardletheii roof- 
cake, but has not been recognized as xenolithie in the contaminated 
rocks. At Ardletlien the hornfelsed rock consists mainly of large 
grains of calcite, with a few small grains of jjale moiit^eiinic 
pyroxene, treiiiolite-prisins, and scarce 2 )lates of pale mica. 

F e 1 s p a t h i c q u a r t z i t e. — The horn fel sed quartzites t >f the 
Fyvie Series are mainly coarse-gi*ained massive rocks breaking 
with a splintery fracture. They are composed of qnartz in large 
sutured grains often elongated in form, together with subordinate 
smaller acid or medium j)lagioclase-gi‘ains similarly elongated. 
There is occasionally a very pronounct*d parallel structure, as 
if reerystallization had taken place under pressure. Sometimes 
tlie felspar-plates are speckled with quartz-pellets, at others the 
small felspar^grains are disposed around the edge of the large 
ijuartz-grains. A few grains of zoisite have been noted in a 
similar position. Biotite is of common occurrence, hut usually 
in no great amount, (xarnet in rude pink gmins is often noted. 
.In some rocks of this grouy) the ‘cement ’ between the (piartz- 
grains is formed wholly of cordierite. Certain of the quartzose 
hornfelses of the Ardlethen district are extremely Hne-gmined, and 
consist of an assemblage of minute grains of quartz, plagioclase, 
and biotite. 

Hornfelsed andal usite-seliists ; the slaty hornfelses. 
— Certain of the argillaceous hornfelses from the country -rock 
area of fig. 2 (p. 452) appear to represent the andalusite-schist of 
the Fyvie Series, altered to a less degree than are xenoliths of 
this rock found within the contaminated rocks. In this type 
of liornfels the division between andalusite-purphyrohlasts and 
ground-mass of the original rock persists as a separation between 
patches of cordierite and a more finely-grained base of tpiartz, 
cordierite, biotite, and felspar. In the imnd-si>ecimen these rocks 
are blotched with bluish patches of cordierite ; in slice, large areas 
of cordierite, often 1 cm. across, are set in a fine recrystailized base 
of biotite-laths, pleocbroic from pale yellow to rich red, quartz- 
grains, small cordierite-grains, and acid plagioclase-pellets. Often 
the cordierite has been replaced by muscovite. But mreh' does 
andalusite persist in these hornfelses, and then it forms large 
limpid crystals, with an intense patchy pleoehroism from pink to 
colourless ; this andalusite is quite free from inclusions, and in 
this respect is in marked eontiust to the inclusion-filled andalusite 
of the original rock. A similar tyjie of andalusite has been 
described in a contact-metamoiqjhosed andalusite-schist fi*om 
Cloichdubli Hill, Strathbogie.^ 

^ H. H. Bead, ‘ Summary of Progress for 1018* Mem. Geol. Surv. 1910, 
p, 31. 
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Within the area of xenoUtli-bearing* contaminated rocks, the 
blotched hornfels is replaced by a dense, compact, blue hornfels 
which forms the dominant argillaceous xenolith. This rock is 
■usually quite massive, and but rarely shows a composition-banding. 


Fig. 6. — JCenoliths, 

^ JB 
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A —Prisms of sillimanite and clots of spinel in a base of oorclierite, with a few 
grains of plagioclase ; X 30. The original rock was andalnsito-schist 
of the Fyvie Series. (See p. 477.) 

B= Grains of spinel in cordiorite; X 30. The original rock was the same as 
in the case of A. An analysis of this rock is given in Table IV, p. 477. 
C= Garnet (Ga.), hyperathene (Hy.), biotite (Bi,), quartz; (Qas.), and plagioclase 
(PI.) ; X 30. The original rock was probably a grit of the By vie 
Series. (See p. 477.) 

D= Garnet (Ga.), biotite (Bi.), spinel (solid black), and cordierite (colourless) ; 
X 20. The original rock was a biotite- schist of the Ellon Series. (See 
p. 478.) 

Certain of these hornfelses are deep blue in colorir, and then break 
with a glassy fracture ; they are almost pure cordierite. 

The minemls of these hornfelses are cordierite, spinel, sillimanite 
and garnet, with plagioclase, hypersthene, quaid;;;, hiotite, and 
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alkali-felspar in less amonnt. The cordierite in some specimens 
forms perhaps 97 per cent, of the rock ; it bnilds jjatches or 
grains, and is repeatedly twinned, often with the production of 
fantastic chequered patterns; it shows good haloes around zircons; 
its decomposition-products are pale micas. Spinel occurs as 
green angular grains in swarms in the cordierite, or associated 
with sillimanite ; these grains occasionally reach 0*5 mm. in 
diameter. Sillimanite is common ; it forms long needles, some- 
times so abundant that the slice shows a dense matted felt in- 
terrupted by eordierite-grains (see fig. 6, p. 476) ; another mode 
of occurrence is as large aggregate prisms made up of parallel 
oriented smaller prisms, the large aggregate often measuring 
0-5 cm. across. G-arnet forms pink spongy aggregates enclosing 
quartz and biotite. Acid plagioclase, both oligoclase and acid 
andesine, is not abundant, and occurs as grains often speckled 
by other components. Some alkali-felspar is noted in certain 
examples. Quartz is common in some of the banded types. 
Biotite is never abundant, and is the usual hornfels-biotite, 
pleochroic from pale yellow to deep rich red. A noteworthy 
constituent of some examples of this type of hornfelses is hyper- 
sthene, which forms rounded, vividly pleochroic grains of small 
size, associated 'with quartz, biotite, and plagioclase. 

The dominant hornfels of this class is one composed mainly of 
cordierite, with quite subordinate amounts of spinel and sillimanite 
and a few grains of felspar and quartz. The rock, the analysis 

Table TV. — Analysis op Cobdiebite-Hobnpels. 


SiOa 45-85 

TiO 1-15 

AhOg 20-50 

Fe.,03 11 ‘91 




FeO 11-32 

MnO 0-26 

(CoNi)O nt. fd. 

BaO nt. fd. 

CaO 1*27 

MgO 4-18 

0-72 

Na^O 1*27 

liioO nt. fd. 

HyO at 105® C 0*07 

H.,0 above 105® C 1*48 

PjDs 0*04 

FeS.> 0*07 

I'e.S, 

COy nt. fd. 

Total 100*09 


IX. Cordi©rit©-spinel-horn£©ls, Gallowbill Brae, Arnag*©. 
Anal, E. G. Radley (see p. 478). 
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of AA^iicli is set forth on p. 477, shows in slice perhaps 97 per cent, 
of cordierite, some spinel, a feAv plates of biotite, and scarce 
plagioclase-grains — it is almost a cordierite -rock. The analysis 
reveals an -unexpectedly large amount of iron- oxides. It seems 
that, in the cordierite of this rock, iron -oxides replace much of the 
alumina and magnesia of normal cordierite. Other hornfelses of 
this type are rich in sillimanite. 

A second type of hornfelses of this class is richer in quartz, 
and hears biotite and garnet: this tyj^e tends to be banded. 
A A^ariant is the hyxiersthene-hornfels which, in addition to the 
minerals just noted, has certain bands rich in grains of hyper- 
sthene. 

Biotite- schist. — Hornfelsed biotite -schists of the Ellon Series 
are coarsely-banded rocks made up of varying associations of 
cordierite, biotite, quartz, plagioelase, spinel, garnet, and silli- 
manite. These ingredients are arranged in rude bands dominated 
by certain minerals. The tAvo chief types of bands are composed 
of cordierite, spinel, and sillimanite, and of garnet, biotite, quartz, 
and plagioelase respectively, Cordierite forms irregular grains 
collected into lenticles or bands ; pleochroic haloes are magnificently 
developed, and there are some sector-trillings ; occasionally, inter- 
growtbs with quartz have been noted. Spinel is so extremely 
abundant that green hands aippear in the slice ; it forms irregular 
grains of a deep-green colour and clustered in cordierite hands ; it is 
not found near garnet (see fig. 6, p. 476). Sillimanite is not 
abundant, and occurs as colourless prisms or needles in cordieiite- 
and spinel-layers. Garnet builds large pink grains, sometimes 
spongy and with biotite-plates arranged in ocellar fasliion around 
them. The biotite is pleochroic from pale yellow to deep red, 
and oceui’s as small plates in the cordierite- spin el hands and large 
plates in the biotite-rich hands. Quartz-grains, acid plagio- 
clase-grains, and magnetite comj)lete the rock. 

Hornblende- schist. — ^The hornblende-schist of the Ellon 
Series occuiring in the contaminated rocks is usually richer in 
biotite than the normal hornblende- schist. There is a more or less 
marked tendency for both hoimhlende and biotite to form very 
large plates sieved through by quartz and plagioelase, or to form, 
as it were, a cement to these minerals. In certain xenoliths taken 
out of the contaminated rocks of Craigouthorn Wood, north of 
West Kinharrachie, the rock is composed of masses of pale 
poikiloblastic hornblendes enclosing small rounded plagioclases 
and quartzes. 

Another result of eontact-metamorphism of the hornblende- 
schists is the formation of pyroxene. The normal hornblende- 
felspar rock is inteiTUipted by small rounded patches consisting of 
an intergrowth of hypersthene with plagioelase and magnetite, the 
last often forming central threads to the ramifying hypersthenes. 
In other cases the newly-formed hypersthene builds stout crystals 
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VII. The Contamination Process. 

Por tlie purposes of this j^aper I shall regard the Arnage norite 
as the initial magma of the Arnage district, although I believe it 
likely that this view will be found to require some modification as 
2 *eseareh in contaminated rocks progresses. 

We may consider the results which followed from the intrusion 
of a sheet-like mass in the Arnage ground. At the top of the 
.sheet was formed a xenolithic zone some hundreds of feet thick 
(see section, fig. 2, p. 452) ; this zone we now see as the contami- 
nated zone lying above the norite sheet. 

The matrix of the xenolithic zone is what has here been 
described as contaminated rock. Contaminated i*ocks derived 
from gabbros necessarily are extremely variable ; but there are 
certain striking regularities about their compositions which are of 
great importance. In Table V, jd* 480, are enumerated the probable 
initial magmas and their contaminated derivatives for the Arnage, 
Inschd and Huntly ” Masses in the North-Past of Scotland, for 
Te Pallet ^ in France, and for Minnesota : that is. for the five 
described cases of contaminated gabbros. There are available at 
]>resent three analyses of contaminated rocks of Arnage, one of 
Inseh and two of Huntly, Prof. Lacroix gives six analyses of 
contaminated gabbros from Le Pallet which are averaged in 
Analysis T>^, Table T, while the average of two analyses of his 
initial magma is represented by Analysis D ; Prof. Winchell 
supplies one analysis of the Snowbank Lake contaminated 
gabbro, and his initial gahbro is taken to be the olivine-gabbro 
also analysed by him. There are available, therefore, thirteen 
analyses of contaminated gabbros. 

The chemical differences between the initial magmas and the 
contaminated deiivatives ma^^ be deduced from Table V. The 
chief oxides are dealt with here. Silica is mainly increased in the 
contaminated magmas ; alumina (with one exception) inei*eases, 
and sometimes markedly ; there is a general rise in ferrous oxide, 
but of no great magnitude in any case; lime is always much less ; 
magnesia, with one exception, is much less too ; potash in the 
majority of cases is inei'eased ; soda is mther indefinite, but seems 
upon the whole to increase ; soda is always greater than potash in 
the initial magmas, but the disparity is either less marked, or 
potash is in excess of soda in the contaminated magmas. 

Summarizing these observations, we find that in contamination 
the gabbro magmas become richer in alumina and potash, and 
poorer in lime and magnesia ; iron-oxides and soda appear to play 
no constant part. 

^ H. H. Bead, ‘ Geology of tlie Country round Banff, Huntly, & Turriff ’ 
(Explanation of Sheets 86 & 96) Mem. Geol. Sutv. Soot. 1923, Chap. VII. 

® Id. ibid. ; and W. B. Watt, ‘ Geology of the Country around Huntly 
(Aberdeenshire) * Q. J. G. S. vol. Ixx (1914) p. 266. 

® A. Xacroix, * Le Gabbro du Pallet & ses Modifications ’ Bull. Carte Geol. 
France, vol. s: (1898-99) p. 341. 

^ A. NT. Winchell, ‘ Mineralogical & Petrographic Study of the Gabhroid 
Bocks of Minnesota, dec.’ Amer, Geologist, vol. xxvi (1900) p, 151. 
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FejOg 

CrgOa 
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FeO 

MnO 

(CoNi)O 

BaO 

CaO 

MgO 

KgO 

NasO 

LigO 

HsOatl06'’C 

H 2 O above 105° C 

P 2 O 5 

FeSs 

FerSa 

CO.. 

Totals 
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Arna^e. 

A. Norite of the Arna^e Mass, lepeated from p. 457. 

Ai. Contaminated rock (sec p, 4()3) : Quarry at the roadside, half a mile north-east 
of Mains of Driiinwhindle, Arnage. Analyst, E. G. Radley. ' Summary of 
Pi’ogress for 1921 ’ Mem. Geol. Surv. 1922, p. 1(»7. 

A^. Contaminated rock (see p, 463) : Carding Hill, 700 yards south-south-east of 
Arnage House, Arnage. Analyst, E. G. Radley, loc, cit. 

A 3 . Contaminated rock of Ardlethen Tyjie (see p. 472) : Quariy at the roadside, 
340 yards south-south-east of Ardlethen. Analyst, E. G. Kadlej'. 

Insch. 

B. Hypersthene-gabbro of the Insch Mass. Analyst, E. G. Radley, loc. cit. 

Bi" Contaminated rock, Insch Mass, 400 yards south by east of Easter Suphock, Gld 
Meldrum. Analyst, E. G. Radley, loc. cit. 

Htmtly. 

C. Norite of Huntlj’ ]VIass. Analyst, E. G. Radley, loc cit. 

Cl- Contaminated rock, right bank of the River Deveron, 359 j'lmla ea>t of Castle 
Bridge, Huntly. Analyst, E. G. Radley. 

C.j, Contaminated rock, Cuternach, Huntly. Analyst, E. G. Radley ; quoted from 
\V. R. Watt, Q. J. G. S. vol. Ixx (19i4l p. 2S9. 

Le Pallet. 

D. Gabbi'o, Le Pullet (Loire Inferieure), France. Analysts, Lacroix & Pisaiti. 

Average of two analyses. A. Lacroix, Bull. Carte Geol. France, vol. x 
99) p. 363, Analysis j. 

Dj, Contaminated rocks, Le Pallet. Analysts, Lacroix & Pisani. Average of six 
analyses, A. Lacroix, ihid. p. 363, Analysis i. 

Minnesota. 

E. Olivine-gabhro, Birch Lake (Minnesota). Analyst, A. N. Winchell, Ainer. 

Geol. vol. xxvi (1900) p. 181. 

El. Contaminated gabbro (eordiente-norite). Snowbank Lake (Minnesota). Analyst, 
A. N. Winchell, ihid. j). 303. 

It is now pertinent to enquire into the source o£ the oxides 
gained, and the destination of the oxides lost, by the initial 
magmas. The answer to both these queries can only he the 
xenoliths. In Table YI, Analyses X— XIII (j). 4S2) we have a 
fine series of analyses which add considerable strength to this 
view. These four analyses, from the Huntly Mass, are of the 
initial sediment, a xenolith, the contaminated rock adjacent to 
this xenolith, and the initial magma. It will he seen that, coni- 
j>ared with the initial magma, the contaminated rock is poorer in 
lime and magnesia, while, compared with the initial sediment, tlie 
xenolith is richer in these two oxides. In other words, the sums 
of lime, magnesia, and potash of the two initial rocks appi*oxi- 
mately equal the sums of the same oxides of the two resultant 
rocks.^ It must be admitted that the other oxides show no very 
intelligible variation, but this series of analyses demonstrates that 
certain of the oxides lost by the magma are found in the xenolith-^. 

As yet, I can advance no such striking chemical proof fi*oni the 
Aimage Mass. The analysis of the Arnage eordierite-hornfels 
(Table YI, Analysis XIY) gives surprisingly low alumina and 

^ For a fuller discussion of this series of analyses, see H. H. Read, ‘ Geology 
of the Country round Banff, Huntly, & Turriff ’ (Explanation of Sheets 86 
& 96) Mem. Geol. Surv. Scot. 1923, Chap. vii. 
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magnesia and high iron-oxides for this type of rock. However, the 
inineralogical character of the xeiioliths in the Arnage type of 
contaminated rock does not invalidate the opinion that here also 
there has been a gain of magnesia by the xenoliths. From the 
Huntly and Insch Masses I have obtained xenoliths, of undoubted 
sedimentary origin, composed largely of monoclinic pyroxene.'^ 


Table VI. — Analyses of Xenoliths, etc. 



X. i 

XI. 

I XII. 

XI ri. 

XIV. 

XV. 

XVI. 

SiOa 

63-98 ; 

59-98 

59-15 

49-18 

45'S5 

5400 

60-50 

TiO-: 

1-15 

0*64 

1-14 

1-24 

1-15 



AloO,, 

22-77 , 

13-52 

14-09 

lC -00 

20-50 

27-50 

14-50 

Fe-iOs 

2*33 

1-13 

1-04 

0 * 1)2 

11-91 

4-31 

2-70 



nt. fd. 

lit. fd. 

0-03 





^•22 

3-50 

7*73 

8-02 

li-32 

3-81 

3*40 

MnO 

0-18 , 

0-22 

0-24 

0-20 

0-26 : 



(CoNi)O 

lit. fd. ' 

nt. fd. 

nt. fd. 

nt. fd. 

lit. fd. 



BaO 1 

0*12 

0-03 

0*06 

truce 

nt. fd. 



CaO 

1-97 

9-11 

3*43 

12 54 

1-27 


5-04 

MgO 

3-16 

6-28 

7-11 

9-47 

4-18 

4-0)8 

8-64 

K 2 O 

2-97 i 

l-oO 

2*44 

0-26 

0-72 

^ 2-60 

^ 2-60 

NagO 

2-14 ; 

0*94 

rio 

2-01 

1-27 

LbO 

lit, fd. 

trace 

trace 

trace 

lit. fd. 



HoO at 106° C 

0-10 

0-55 

0-44 

0-07 

0-07 

d-eo 

d-’so 

H 2 O above 105“ C. ... 
P 2 O 5 

1-87 

0-17 

0-67 

0-13 

0-97 

0-13 

0*41 

0-10 

1-48 

0-04 

Loss on 

Loss on 

FeSa 

lit. fd. 

0-18 

0-05 

0-02 

0-07 

ignition 

ignition 

PctSs 

nt. fd. 

1-70 

0-90 

0-87 


« 2 -C 0 

=*roo 

CO 2 

0-04 

trace 

0-03 

0-33 

nt. fd. 



Totals 

100-17 

100-08 

100-05 

100-30 

100*09 

100-10 

99-78 


! 








X. Andalusite-scliist of Boyiidie Bay Group, repeated from p, 450. 

XI. Xenoliths in contaminated, rock, right hank of River Deveron, 350 yards east 
of Castle Bridge, Huntly. Analyst, E. G. Radley. 

XII. Contaminated rock surrounding xenoliths of Analysis XI. Analyst, E. G. 
Rftdle3\ 

XIII. Initial magma of the Huntly Mass, Huntly norite, repeated from p. 480. 

XIV. Cordierite-spinel-horufels, Gallowhill, Arnage, repeated from p. 477- 

XV &XVI, * Shale ^xenoliths in norite of Potgietersruat and Mapoch’s Country, 
South Africa; A. L. Hall «& C. Gai’dthausen, ‘ Note on some Remarkahle 
Xenoliths of Altered Shale from the Norite of Potgietersrust & Mapoch’s 
Country ’ Trans. Geol. Soc. S. Africa, vol. xiv (1912) p. 74. 

XV. Coarse xenoliths, much cordierito and biotite, little pyroxene, very little 

felspar. 

XVI. Finer-gi’ained xenoliths, rich in plagioclase ami rhombic pyroxene, fair biotite, 
little cordierite. 

The chemical change undergone by the Arnage argillaceous 
xenoliths can be compared with that su:ffered by the shale-xeiioliths 
(Analyses XY & XVI, Table YI) in the Bushveld norite described 
by Hall <fc G-ardthausen. The order of abundance of the con- 
stituent minerals in the South African xenoliths is cordierite. 


^ H. H. Read, cit. Chapters vii & viii. 
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rliombic pyroxene, quartz, biotite, hornblende, plagioclase, mag- 
netite, and disthene. The authors conclude {oj?. cit, p. 7S) : 

‘ During* the intrusion of the Bushveld magnua under locally exceptionally 
active conditions, i. e., accompanied hy marked tectonic disturbances, favour- 
able opportunities were afforded of an interchange or transference of material 
consisting essentially in a removal of alumina and addition of magnesia and 
lime, whereby entangled masses of shale — xeuoliths — were intensely metamor- 
phosed, more or less permeated -vvith igneous material, and converted into 
rocks with highly abnormal mineralogical and chemical composition.’ 

From this discussion of the two component parts of the con- 
taminated zone, it is justifiable to deduce that there has been 
a reciprocal reaction or interchange between the initial 
magma and the xenoliths which results in a relative concentration 
of, mainly, alumina and potash in the magma and of lime and 
magnesia in the xenoliths. 

I wish to note here some of the observations of other workers 
on the subject of reaction between xenolith or wall-rock and 
magma that have come under inv notice. 

Dr. Herbert H. Thomas i finds 

* the clearest evidence of the modification of a more or less pure aluminous 
sediment by permeation of magmatic matter, more particularly by the 
diffusion of lime, ferrous iron, and magrnesia.’ 

As already noted, A. L. Hall & C. Gardthausen (loc. cit.') find 
a removal of alumina and an addition of magnesia and lime 
taking place in shale-xenoliths enclosed in the JBushveld norite. 
The reactions which take place between the argillaceous enclaves 
and an andesitic magma of Lipari described by Alfred Bergeat ^ 
are the same as those taking place between the argillaceous 
enclaves of Aimage and the initial gabbro magma. The same 
author ^ has shoAvn a very important transfer of material at the 
margin of the Concepcion del Oro granodioiite. Emil Bergeat 
demonstrates transfer at the contact of banatite and limestone at 
Vasko. Beciprocal reaction is indicated by H. J. Johnston-Lavis 
& J. W. Gregory » in their study of the ejected blocks of Monte 
Soniina. H. Brauns ® finds a reciprocal reaction in the well-known 
Laacher See rocks, and had stated many years before a belief ^ 

’ ‘ On Certain Xenolithic Tertiary Minor Intrusions in the Island of Mull 
(Argyllshire) ’ Q. J. G. S. vol. Uxviii (1922) p. 255. 

- ‘ Der Cordieritandesit von Lipari, <fcc.’ Neues Jahrb. Beilage-Band xxx 
(1910) p. 575. 

^ *' Der Granodiorit von Concepcion del Oro im Staate Zacatecas (Mexiko) 
&e.' Neues Jahrb. Beilage-Band xxviii (1909) p. 421. 

** ‘ Beobachtungen fiber den Diorit (Banatit) von Vasko im Banat, <fec.’ 
Neues Jahrb. Beilage-Band xxx (1910) p. 549. 

® ‘ Eozoonal Structure of the Ejected Blocks of Monte Somma ’ Sci. Trans. 
Boy. Dubl. Soc, ser. 2, vol. v (1893-96) p. 259. 

^ * Die Chemische Zusammensetzung Granatfiihrender Kristalliner Schiefer, 
Cordieritgestein & Sanidinite aus dem Laacher-Seegebiet ’ Neues Jahrb. 
Beilage-Band xxxiv (1912) p. 85. 

^ ‘Chemische Mineralogie’ 1896, p. 313. 
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in the reciprocal action of enclave on magma and of magma on 
enclave. 

With regard to the possibilities of di:ffusion in a magma, it may 
be pointed out that Dr. K. L. Bowen ^ is of opinion that diftusion 
through short distances is to be expected, and that reaction -rims 
about foreign inclusions are readily to be attributed to diftusion. 

The abstraction of magnesia and lime from a gabbroic magma 
recalls the opposite case supplied by the endomorphic changes in 
granites by reaction with dolomites, described from the Pyrenees 
and elsewhere in France by A.. Lacroix and others." 


VIII. CoNCDUSTON. 

The main pui'pose of this paper is to establish the following 
postulate: — the contamination process depends upon 
reciprocal reaction between the gabbro magma and 
argillaceous xenoliths; the m'agma becomes more acid, 
the xenoliths more basic. 

I am compelled to leave for future discussion such important 
points as these : — the significance of the Ardlethen granitic type 
of product ; the existence and history of xenoliths complementary 
to this granitic type ; the possible relation of such xenoliths to the 
Arnage norite ; the operation of gravitative cleansing : and the 
relation of contamination to petrogenesis. In the abstract® of 
this paper, these points were brieliy touched upon. The discussion 
following the paper deals mainly with them. 

m ^ ^ 

In conclusion, I wish to oiler my thanks to Dr. J. S. Flett, who 
has keenly followed the progress of this investigation, and has 
been at all times ready with advice, discussion, and criticism. 
I am indebted, too, to Dr. Flett for permitting five analyses of 
Arnage rocks to be carried out in the G-eological Survey Laboratory. 
I also thank Mr. E. G-. Radley, who performed these analyses and 
many of the others used in this paper. A small party — Prof. R. 
A. Daly, Prof, C, F. Kolderup, Prof. A. W, Gribb, Dr. J. S. Flett, 
and Dr. Robei*t Campbell — has seen the field evidence with me, 
and I have derived much advantage from the many discussions 
which took place then. Finally, to my friends of the Scottish 
G-eological Survey, and especially to Mi\ M. Macgregor and ]Mr. J. 
Phemister, I offer the expression of my sincere gratitude for 
many helpful criticisms and suggestions. 

1 ‘Diffusion in Silicate Melts ’ Journal of Geology, vol. xxix (1921) p. 316. 
See also, Kurd Endell, ‘ Ueber Diffusionserscbeinungen in Silikatschmelzen 
bei Hohereu Temperaturen * Neues Jahrb. vol. ii (1913) p. 129, 

^ See especially A. Lacroix, Bull. Carte G<Sol. France, vol. x (1898-1899) 
p. 241 and ibid, vol. xi (1899-1900) p. 60 ; A. Miobel-Levy, ibicL vol. xviii 
(1907-1908) p. 193 ; M. Long-obambon, ibid. vol. xxi (1910-11) p. 323 ; E. Wein- 
scbenk, ‘ Vergfleichende Studien iiber den Contaot-Metamorpbismus " Zeitschr. 
Deutsch. Geol. Gesellscb. vol. liv (1902), especially pp. 459-61. 

^ Abstracts of tbe Proceedings of the Geological Society of London, 
Ko. 1100, March 23rd, 1923, pp. 63, 64. 
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Discussion. 

Dr. J. S. Flett said that the Author’s work and the previous 
work of Mr. W. R. Watt had shown that in Aberdeenshu*e and 
Ban:Eshire we had prohablj' the best example of a province of 
contaminated basic igneous rocks an3’'where at present known to 
exist. The speaker had had opportunities of studying these rocks, 
both in the held and in the laboratory. With the Author’s con- 
clusions regarding contamination he was thoroughlj'' in sympathy ; 
but, when the Author attempted to show that as end-facies of a 
contaminated series nearly normal rocks might arise, the speaker 
confessed that he felt unconvinced, and inclined to the opinion that 
the xenoliths described could hardly be regarded as a satisfactory 
mechanism for the chemical exchanges required. 

Dr. C. E. Tilley regarded the production of norites and 
eordierite-norites by the contamination of gabbroid magma as long 
since established by the observations of Lacroix, Winehell, and 
Watt. The mechanism of the process was essentially a reaction of 
the inonoclinic pyroxene with aluminium silicate to produce 
hypersthene and anoi*thite, the former mineral reacting again with 
excess aluminous material to produce cordierite. The recognition 
of norite and cordierite -norite in the Arnage mass as contaminated 
rocks was, therefore, well founded. By some writers the anorthosite- 
charnockite family of rocks was denominated a magnesian gi*oup ; 
but the analyses of the various members of the family did not 
support this contention. The x^i’^^sence of rhombic pyroxene in 
them was favoured by a high alumina content, despite low 
magnesia and often high lime. The norite of the Arnage mass, 
however, was a rock strikingly rich in magnesia, and the speaker 
concurred with the Author in his interpretation of it as a highly 
contaminated product. The Author, however, went farther, and 
derived a normal granitic type by contamination. The solution 
of the problem of the origin of this granite must finally turn on 
the interpretation of the field evidence; but the speaker was 
impressed by the freedom of the granite as a whole from xenoliths, 
a fact which appeared to need careful consideration when the origin 
of the granite was examined, and he desired to hear the Author’s 
opinion with refei*ence to an alternative view of the gmnite as a 
separate intrusion into the roof. 

He enquired whether corundum had been discovered as a 
contamination-product of the Arnage mass. Corundum was an 
abundant mineral constituting xenoliths of the Cortlandt Sei'ies 
as described by Williams <&; Rogers ; but it was a remarkable fact 
that eordierite-norites were not recorded from that area, a point 
demanding further investigation. Was corundum found in direct 
contact with olivine or hypersthene ? The recent work of S. G. 
Gordon A. L. Hall on corundum-bearing rocks from North 
America and South Africa tended, in the speaker’s opinion, to 
throw doubt on the manner of origin of the now classic 
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corundum- deposits associated witli peridotites in North Carolina, as 
enunciated by Pratt. 

The Author, in reply, stated that the contaminated rocks of 
the Arnage Type and their associated cordierite-xenoliths represent 
only an early stage of the contamination -process, and it is reasonable 
to consider that the xenoliths, when introduced into the underlying- 
initial gabbro -sheet, had a concentration of magnesia and lime com- 
plementary to the concentiation of ‘granitic ’ oxides in the Ardlethen 
Type of product. It is thought likely that these xenoliths were, at 
this stage, composed mainly of rhombic and monoclinie pyroxenes. 

In answer to Dr. Tilley, the Author stated that, not onh^ did the 
lield-exidence show that *the granitic end-product was part of the 
contaminated rocks, but also bands and patches of similar granitic 
material occurred throughout the Arnage Type of rock. In reply 
to Dr. Tilley’s queries concerning spinel and corundum, it was stated 
that the spinel of the granitic end-product occurred associated 
with cordierite patches. Corundum had not yet been found at 
Arnage, but had been noted at Huntly in a cordierite-norite of con- 
taminated origin. The Author was gratified to receive Dr. Tilley’s 
support in the view that the magnesia-rich norite of Arnage was 
by no means an average norite. 
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I. Introditction, and General Topography. 

The area to be described is part of North-Western Montgomeiy- 
sbire. All place-names mentioned will be found on the 1-incli 
Ordnance Survey Map, Sheet 136 (Bala), or on the accompanying 
sketch-maps (figs. 1, 2, & 3, pp. 488, 493, &> 496), 

Geologically, this area is the western part of the southern flank 
of the great Berwyn dome of Ordovician strata ; but a glance at 
the geological map shows that in this south-western portion the 
beds are pinched up so as to form a wedge-shaped south-westerly 
extension, one flank of which runs with remarkable stmightness 
for several miles. The reason for this straightness of outcrop lies 
in the fact that in this belt of countiy the stmta are vertical, or 
have acquired a slight reversal of dip from the south-eastward 
oveidblcling. 

To this cause must also be attributed the pamllel arrangement 
of hill and vallej’*, each band of hard rock standing out as a straight 
ridge, and each soft bed forming a parallel depression. Thus the 
sandstones of the Caradocian and the grits and massive mudstones 
of the Salopian stand out as ridges, while the softer Ashgiilian and 
the shales of the uppermost Caradocian form the marked valley 
which is followed by the old pack-road connecting the Upper 
Yyrnwy valley with that of the Tanat, 

This strike-valley is drained by various streams. In its north- 
eastern part to Pen-y-garnedd (Sheet 137) it is drained by a 
tributary of the Tanat, then for a short distance the headwaters 
of the Cain drain the water down past Blaen-y-cwm to Llanfyllin, 
while towards the south-west the Mamhnant brook carries ofB the 
Q. J. G. S, No. 316, 2 l 
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water to the Hiver Vyrnwy, which itself follows the line of 
the Ashgillian for some distance. 

Glaciation appears to have had little effect on the general 
topography, except partly to fill the valleys with a grey-blue 


Eig. 1 . — Map of part of the Berwyn Mills. 



4 miles 


[Map 1 is fig. 2, p. 493, and Map 2 is fig. 3, p. 496.] 

boulder-clay of local- origin. The streams have genemlly cut 
through this filling of glacial drift to a depth of some 30 feet, and 
frequently expose the solid rocks in the valley-bottoms. 
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II. PREVIOUS Litehatfre. 

The existing literature on the subject is scanty. Sedgwick 
ei'ossed this part of the Berwyn country, and noted the inversion 
of the strata 1; but the most complete description of the area is 
given by J. B, Jukes in Pamsay’s G-eological Survey Memoir on 
Is^orth Wales (2nd ed. ISSlj ; here Jukes remarks (p. 297 ) that 

‘ the interest to be derived from the study of a locality in which so many and 
such various physical features are so admirably shown, is heightened by the 
fact of the limestone and parts of the ash-heds and all the beds about them 
being crowded with a vast variety of fossils, containing, I believe, all the 
characteristic species of the formation, and generally in a well-preserved 
condition.’ 

This contention is undoubtedly w'ell founded, for the beds are 
particularly well exposed and remarkably fossiliferous at nearly 
every horizon. 

Following Jukes, there is a paper by D. C. Davies on the 
]ihosphorite-deposits of the Berwyn Hills, in which he gives a 
detailed section of the phosphate-mine at Cwm-gwynen-uchaf ^ ; 
while of late years notes have appeared on the succession and 
liorizon of the beds near Pen-y-garnedd, at the north-eastern end 
of the area, in the Summary of Progress of the Cxeological Survey.*"^ 
Much work, however, has been done on the surrounding districts, 
which enables close correlations to be made- The ground on the 
oast, and even the north-eastern part of the area under discussion, 
lias been surveyed in recent years by the officers of the (xeological 
Survey, largely by Mr. B, Smith and myself. Similarly, rocks of 
the same age on the northern tiank of the Berwyn Hills have been 
described by Mr. P. Lake & Dr, T. T. Groom, ^ and more recently 
remapped by Dr. L. J. Wills, while on the Geological Survey, and 
described by him and Mr. B. Smith in a recent paper read before 
the Geological Societ^^'’ On the south-east lies the Welshj^ool 
area, worked out by Dr. A. Wade in 1911.^ On the west is 
the classical Bala country, of which Miss G. L. Elies has given an 
excellent account, 7 together with palieontological subdivisions for 
the shelly facies of the Upper Ordovician rocks, which are proving 
of wide application and much value. 


* A. Sedgwick, Q. J. G. S. vol. i (1845) p. 5. 

Q. J. G. S. Tol. xxxi (1875) pp. 357-67 ; also preliminary note in Oeol. 
Mag. vol. iv (18G7) pj). 251-53. On the 6-mch Ordnance Survey map, the 
place-name is spelt ‘ Cwm-gwiien.’ 

‘ Summary of Progress for 1919 ’ Mem. Geol. Surv. 1920, pp. 4-5. 

■t Q. J- G. S. vol. Ixiv (1908) pp. 546-96. 

•* J6u?. vol. Ixxrtii (1922) pp. 176-226. 

Ibid, vol, Ixvii (1911) pp. 415-59. 

lliid. vol. Ixxviii (1922) pp. 132-73; also Geol, Mag. vol. lix (1922) 
p[>. 409-14. 


2 X.2 



490 


MU. W. 13. R. KTXG OX TFIE 


[vol. Ixxix, 


III, The Genee.ve Successiox, 

111 the area under discussion the rocks fall into tlie folio win 
natural lithological and paheontological divisions : — 


Salopian. Mudstones with grits. 

r (cf ) pale-grey mudstones, with sandy beds, 
j (6) wavy-bedded sandy shales, with thin dark slialy bands, 
Valontian. passing down into 

I (c) 15 feet of massive bedded fossilifei*ous sandstone. 
[Mej'istina-n'asm Sandstone.] 

Br e ak. 


Asligillian. 


Caradociaii. 


''(a) leaden- blue blocky fossiliferous mudstone [Trumeleifn- 
bucldandi Mudstone], up to 50 feet exposed. 

(b) grey-blue to grey-brown sands’- mudstones, fossiliferous 
j throughout, about 1000 feet thick. ICalymene-guad- 
I o'ata^ Mudstones and higher PhiUipsi'nella Beds.] 

I (^0 dark blue-black blocky mudstones, somewhat calcareous, 
I with many fossils about 15 feet. [Lower PhilMpa- 
inella Beds.] 

"(a) jet-black graptoUtic shales and black limestones, with 
a phosphate-band 18 inches thick. Total thickness = 
about 50 feet. [Pen-y-garnedd grai)tolite-sliale.] 

J (?)) calcareous ashes, with mudstones and irregular lime- 
stone-bands, many fossils. calcareous 

beds.] 

(<•) sandstones and fine sandy mudstones, with an ash-band 
^ in the south and west. Sandstones.] 


IV. Local Details. 

A detailed description of the localities where the various beds 
are well developed luu^y now be given, beginning with the earlier 
formations. 

Caradocian, 

Or this -alter n at a Sandstones. — llock s of undouhted 
Caradocian age form all the high gi'ound from Bryn Cownwy in 
the south to Bwlch Oreolen and the Das Kithen ridge, and the 
ground immediately nortli of Pen-y-garnedd, in the north. 

The most conspicuous rock-type is a tough, hlue-hearted, line, 
somewhat muddy sandstone, which occurs in beds measuring up to 
2 or 8 feet in thickness, and separated one from the other by beds 
of varying thickness of sandy blue mudstone. Some of the bedding 
surfaces of the sandstones and shale.s are covered with fossils, the 
commonest forms being : — 

Orthis (Heterorthis) alteimata Sowerby, 

O. (H.J altei'nata var. rett'orsiMria Davidson. 

Plectamhoniteft sericea (JT. de C. Sowei-by) ; Souldey type. 

Strophoinmia (RafinesquinaJ en'pansa (Sowerby). 

This is, in fact, the fauna which characteri:ies the Gl,^'n Gower 
Sandstones and Allt-ddu Mudstones of the Bala country 

^ Seep. 504, 

» G. L. Elies, Q. J. G. S. vol. Ixxvixi (1922) p. 171. 
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A point to be noted is that tlie bed of volcanic ash which is 
well develo|>ed in the south-west, in the lower part of the serjuence, 
rapidly dies out to the north-east. This ash may he seen in the 
road-cutting leading* uj) to the Yyrnwy I>aiu. TJie rock is a fine, 
somewhat impure, ]>umieetjus ash, with a e*»nsideral)le admixture of 
sedimentary matter. On tracing the bed to the north-east along 
the vertical limb of the anticlinal fold, we can follow it with ease 
to within a point TOGO yards north-west t)f (rwreiddiau, where it 
forms bold crags, on the western side of the valley which cuts 
through the ridge to connect the AArnwy valley with that of the 
Tanat at Pen-y-bont-fawr. The ash which forms these crags ex- 
hibits several peculiarities. It consists of lumps of a.shy material, 
up to sev'eral inelies in diameter, embedded in normal blue mud- 
stone ; besides the ash, however, there are nodules of calcareous 
matter the ealcite of which is in large plates enclosing numerous 
dark specks. The bed ap]>ears to have been formed from volcanic 
material under strong cuiTent-aetion. North-east of the valley no 
beds of ash have been observed at this horizon. This absence 
cannot be accounted for by faulting, as the Caradoe-Asligill 
boundary runs without a break. 

The asli may be traced from Llanwddyn for some distance in a 
nortlierty direction along the ’western tiank of the Berwyn dome ; 
but I have not tmeed the ash-bed (as shown on the 1-inch Greological 
Survey map) into tlie ashes mapped on the northern side of the 
dome. There can he no doubt, however, that this bed belongs to 
a centre of eruption which lay on the west or north-west, rather 
than to the vents that give rise to the Cwm Olwyd ash, which 
came from the necks in the neighbourhood of the Carboniferous 
Escarpment. 

Orthis-acfonicB calcareous group. — The sandstones with 
O, cdteriiafa pass up without abru])t lithological change into the 
<3verlying subdivision. This succeeding group is of a more 
calcareous nature, and in places, particularly near the summit, 
passes into fairly pure lenticular limestones. Interstrati fied with 
these are beds of impure volcanic asli of no great thickness, and 
thin beds and wisps of angular fragments of fels23ar. As a rule, 
the jmrer limestones are not highly fossiliferous, and at Pen-y- 
Garnedd they ap]>ear to have been considerabty dolomitized ; but 
the associated calcareous shales are in places crowded with fossils 
which are particularly conspicuous in the weathered, buff-brown, 
soft, decalcified mudstones. 

The most characteristic fossils of this grouj) are : — 

Orthis CNicolellaJ actoniss Sowerby. Asaphna powisi (Murchison). 
Platyatrophia, biforata (Schlotheini) ; Lichas laxatua M‘Coy ; lar^pre form. 

typical lar^e form. Oyhele verrticoact (Dalman), 

Phacops (Pierygomeiopus) Jtikesi Moniiciilipora Ujcoperdan (Say). 

(Salter). 

A small quarry about 5o0 yards north-east of the ruin of the 
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small buikling called P\vll- 3 "-wracli-isaf, in the Marchnant valle\% 
has jdelded man}’- excellent specimens, particularly’' of l^ferygo- 
nieioims jttJcesi, which Miss Elies found to bo characteristic of the 
calcareous-ash horizon at Bala. 

Fen - 3 " - garnedd hlack- shale group, — At Fen-y^-garnedd 
at the present time the calcareous group is seen to be followed by 
some 4i5 feet of jet-black soft shales, witli an IS-inch bed of 
phosphatie material at the base. This section (wliich will be 
described in more detail in a (leologieal Survey Memoir) may’- be 
noted here, since it is the best exposure of the phosphate-bed ; 
also the shales above the phosphate-bed have ydelded moderately' 
well-x>reserved grapt()lites a't several horizons. 

The change from limestone to shale is not veiw sudden, for 
several thin beds of dark shale are intercalated in the upper part 
of the aslyy calcareous beds, marking a lluctuation of conditions of 
deposit btjfore the black-shale ty’pe deiinitelv set in. The same con- 
ditions are described by D. C. Davies at the Chvm-gwynen Mine, 
which he visited when it was being worked ; here, however, be 
notes calcareous shales with echiiioderms and brachiopods resting 
upon a phospbate-bed 10 to 15 inches thick. No mention is made 
of the thick bed of black sliale, and I also failed to identify it in 
the adit when I visited the mine in 1919. It should, however, he 
borne in mind that strike-faulting frequently cuts out the black- 
sbale group. 

Miss Elies has examined some of the material collected at 
Fen-y-garnedd, and identifies the gitiptolites as belonging to species 
of OrtJio(fra2)i}(s. The occurrence of gra]>tolite-bearing shales 
at this horizon is of interest, for the forms prove to belong to 
the JDljilQffrciptUH-j^riMs Zone of Sweden, which usually' is not 
represented by graptolite-bearing beds in this countiy.'^ Strati- 
grapbically, therefore, this horizon is the highest ]>art of the 
JPlextrogra^iMS-linearis Zone, and as such belongs to the liigliest 
Caradociaii rocks of Britain. The following species of graptolites 
have been identified by»' Miss Elies: — 

Ortltogi^a'ptus iruncatns var. 1 Oi’Uioffrajitun pHatitf (Hiaingor). 

pemtus Elies & Wood. ' <7Z^mrtrorjrjvf2>f'»win'<7J.‘iwi7raCarrutliorR. 

O. calcarcitus rar. basil icus Lap- C. sfyloideus Lap worth. 

worth. C,firalarisvai\m.lserahilisWX(i»^ 

O. alt*, qiiadrimncronatus (Hall). ! Wood. 

Besides containing graptolites, these shales yitdd numerous small 
lioriyy brachiopods and dwai-f hinged brachiopods, among whi(di the 
following appear to be commonest: — 

Pleclamhoiiites albida 'Reed. I Lingula ohfnsiformisyV'nde. 

Lingula cf, brevis Portlock. I Siphonotrefa ohmir.ula M‘Coy. 

On tracing this zone south-westwards to near Aber Marchnant 

^ Q. J. G. S. vol. xxxi (1875) p. 358. 

~ " Summary of Progress for 1919 ’ Mem, Gool. Surv. 1920, pj). 4 <Sf 5 ; also 
L. J. Wills & B. Smith, Q. J, G. S. vol. Ixxviii (1922) p. 186. 
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farm (a 4, fig. 2), it a^^pears that the shale with poorly-preserved 
graptolites is thinner; but here are hands of black muddy lime- 
stone- These limestones contain a few fossils, mainly hinged 
brachiopods similar to those of the shales, though as a rule not quite 
so dwarfed. It was in these beds that the new tunnel for the 
water-main from Lake Vyrnwy was begun ; and a natui-al exposure 
may be studied a few yards south-west of the tunnel -mouth, where 
the limestones form, a cli:fi: on the western bank of the stream 
(north-west of in fig. 2). 

It is believed that this horizon represents the greater part, or 
more probably the whole, of the (>wern-y-brain Beds of tlie 



[The Phillipsinella mudstone (AshgilHan) is represented by open dote ; the 
Black Shale G-ronp (Caradocian) by a striped band, and the sandy mud- 
stones (Garadocian) by black dots.J 

Welshpool area described by Dr. A. Wade.i The fauna in the 
Owern-y -brain Beds is exactly identical with, but more varied 
than, that of the Pen-y-garnedd Shales, and, if we take the two in 
conjunction, the following points will be noticed : — (a} the dwarfed 
size of all forms ; (2») the abundance of individuals of a few 
species ; (c) the thin-shelled character of the fauna ; and the 
abundance of small bellerophons, gastropods, ostraeods, and horny 
brachiopods, together with dwarfed graptolites. 

The characters of this fauna clearly indicate conditions un- 
favoumble for the growth of the thick-shelled forms usually found 

i Q. jr. as. vol. Ixvii (1911) pp. 428-31. 
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at this horizon. The lithology of the shales and the presence of a 
phosi:>hate-hand j>oint to waters devoid of normal terrigenous 
sediments, while the manner in which the shales come immediately 
above, and even interstratified with, very shallow-watei* deposits 
show that they cannot be of deep-water origin. Tlius the beds 
were formed in a shallow sea, free from nmcli sediment, yet 
unfavourable for the normal life of the times : a state which may 
pi'obahly he attributed to lagoon conditions somewhat similar to 
those descu’ibed by Mr. 3l3. 1». Dixon in the Carboniferous rocks 

of Gower.^ 


Caradoc-Ashgill junction. — At localities where the black 
shales can be followed up into the overlying strata, as at Pen-y- 
garnedd and at Aber Marelinant, the passage is seen to he gradual, 
and there is no sign of unconformity,^ the black shales merely giving- 
place to dark blue-grey and black hlocky mudstones which yield 
the typical basal Ashgillian fauna that will be noted below. From 
this it is clear that the black shales occur between the lower part 
of the Orfliis-aotomce Zone and the base of the Ashgillian : that 
i.s, they lie on the horizon of the upper part of the Orflii^^actonim 
Zone of Bala, and therefore represent beds of limestone and 
calcareous ash on the westeim side of the Central Wales syiicline. 
The recent work by Miss G. L. Elies rules out any }>ossibility of 
unconformity between the Orthis-nefomm Beds and the basal 
Ashgillian (Khiwlas Limestone), and therefore the Pen-y-garnedd 
Shales cannot be an horizon that is not present at Bala. It may 
be noted also that the limestones at this horizon iit Bala are some- 
times phosphatic and oolitic,^ and were certainly f on iied in shallow 
water. 

Ashgillian* 

Lower Phillips inell a Beds. — Simultaneously with the 
change from black shales to dark blocky mudstone there is a 
marked change in the fauna. Instead of graptolites and dwarfed 
inarticulate braehiopods, an extremely rich and varied fauna makes 
its appearance. This fauna contains all the typical elements of 
that of the basal Ashgillian. 

In the old quarry 150 yards north-east of Aher Marelinant .Farm 
(al, -fig. 2) dark calcareous blocky mudstones have yielded a lai-ge 
number of excellently preserved fossils. One of the most striking 
features of the fauna is the small size of the forms and the manner 
in which numerous individuals of the same species are found in 
close proximity one to the other: for example, one specimen 
showing a surface of about 2 square inches shows fi'agments of the 
heads of four individuals of a small variety of JOiehas Jaxatns 
M‘Coy, while another specimen having a surface of about 1 square 
inch is practically composed of the heads of Calymene. 

1 E. E. L. Dixon & A. Vaughan, Q. J. G. S. vol. Ixvii (1911) pp. 525 31, 

* ‘ Summary of Progress for 1919* Mem. Geol. Surv. 1920, p. 5. 

® Q. J. G. S. vol. Ixxviii (1922) p. 152. 

4 Ibid. p. 142. 
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be taken as eliaracteristic of the lowest 
It has yielded the following forms : — 


This locality may 
Ash gill ian of the district. 

Christiania teauicincfa (M’Coy) ; 
small form. Abundant. 

Orthis (Heherfelta) crispa M'Coy. 

Fleet amhonites scissa (Davidson). 

Fleet a m ho u ifes qninqn ecosti t ta 
(M‘Coy). 

Kafinesquitia suharachniJidea Eeecl. 

Stropheodonta corrugatella (David- 
son). 

Belli nosph sera cf. litchi (Forbes). 

Bell i nosphserites cf. arachiioideiis 
Forbes. 

Agnostns agnostiformis Ql^Coy). 

Calymene cf. hlumenhaclii var. 
d nimmoclcensis Reed. 

Calymene sl&. qnadrata sp. nov. 

Cheirnnis Jnvejiis Salter. 

Cheirnnts octolohatus ]VI“Coy. 

Cheirarns cf. pseudoheinicrnnitim 
jSTieszkowski. 


Cheirnrus sp. 

CO Chronnts sp. 

Cyhele cf. rayosa (Portlock). 

Cybele rugosa var, atteunata Keed. 
Cyhele verrucosa i Dalman). 
Cyphaspis megalops (MX'oy). 
Illsenus hotnnanii Salter. 

Illsenus sp. 

Lielias laxafus M’Ooy ; small form. 
Phacops (Acastej ajdeulaf os Ssdtev. 
Phacops (Dalnnf tiites) rohertsi JReed. 
Phncojis fPterygometopnsJ hvongu- 
iifvti Portlock. 

Fh ill ipsi nella paraltola iBarrande) ; 

very common. 

Bemopleurides sp. 

Stnurocephalns cf, murrhistuti 
Barrande. 

Trinitclevs si3. 


There are also fragments of many other forms which are too 
incomplete for determination. 

This be taken as the typical fauna of the lowest dark 

mudstones of the Ashgillian of this district. There are, however, 
a few species which appear to be rare or absent here that are 
common at other exposures, notably Trimicleiis setlcornis Hisinger. 

About 15 feet of dark mudstones are seen before they give place 
gradually to the blue-grey and olive green-grey mudstones of the 
more normal Ashgillian colouring. The lower part of this series 
is also highly fossiliferous. The beds are exposed in the bank 
of the stream on the north side of the foi-d near Aber Marchnant 
(tfcld-, tig. 2); also in the road-cutting immediately south-west 
of the .farm. The fauna of these beds is somewhat different from 
that of the underlying sti'ata, but eei-tainly belongs to the 
inella fauna. Among the fossils found, the following have been 
identified ; — 

Orihis (sensu stricto) cf. playfairi '■ Fhillipsinella parahola (Barrande). 

Iteed. Bemopleurides longicostatus Port- 

Plectamhonites scissa (Davidson). : lock (common). 

Stropliomena sp. i Sphaerocoryphe thoTmoni "Reed. 

Jjicha^ sp. OHhoceras cf. audax Salter* 

A marked type of lithology occurs about this horizon, the beds 
of normal pasty grey-green mudstone becoming full of specks and 
blotches of dark-blue mudstone- This type of lithology has been 
found in the lower portions of the Ashgillian throughout the area 
on the east around JjlanJ^llin. 

The beds immediately above this speckled zone are usually 
covered by drift, hut in the small valley which runs down to Blaen- 
v-ewm past Craig Fawr (fig. 3, p. 496) the next succeeding strata 
are magnificently exposed in an almost continuous section along the 
bridle-path and on the crags of Cxaig Fawi*. In all this area the 
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beds are nearly vertical, and thus fairly accurate measurements t»f 
the thicknesses are easily obtained. 

On leaving the watershed the bridle-path, which follows the 
stream, runs obliquely across the strike. The beds which ari‘ 
exposed here (^O, lig. 8) are about 400 feet above the base (*f 
the Ashgillian, and from this point the be^ds arc highly fossil i- 
ferous for another 100 feet, tlie most striking feature being the 
presence of numerous forms of hryozoa, particularly : — 

Mo/iticuJ ipora fihi'osci M’Coy. Ptihnlictya tlichotouit* Portloek. 

Mont ic III i pom lijcopenlon (Say). Phullopora sp. 

Other fossils fj*om this horizon are : — 


Pleifroo/jA-tis rngeri Salter. 

Christiania temi icinrta (M'Coy). 
Leptaeno sp. 

Oi'this sp. a, [See p. 507.] 

Orth is. 

Stropheudonta corrugntella (Davidson). 
Agnoshis agnosfifonnis (jVPCoy). 
Cijbele ritgosa var. attenaata Reed. 
Cheirif ms Jn I'enis Salter. 


Ilhativs hoiraianii Salter. 
lUienus sp. 

Lichas hriafiis M"C«>y. 

Ph illi2isinsUa pamboio (Barraiide i. 
Pterngometopv s sp. 

Proetas {?). 

Penn > pie a rides nich^flsoni Reel 
i (common}, 
i Trinacleas sp. 


The rock which constitutes this horizon is a slightly sandy grey- 
blue mudstone, which weathers to a green i.s]i -grey or buft colour 
The fossils weather out as casts filled with brown rotten stone. 

About the turn of the path where two small valleys meet to run 
nearh' due south, the beds begin to take on a more massive nature, 
and to become rather more ai*enaeeous ; but they always remain 
essentially mudstones, owing to the extremely fine grain of the 
sand-particles. In colour they are the same as the underlying 
beds. Fossils are usually plentiful and well preserv^ed. One 
excellent locality was found on Ci*aig Fawr (\S, tig. 3), where 
seveml complete specimens of Calipnene have been obtained. 
Other localities (2B, 2 A, c 2, o8) are shown on the map (rig. 3). 
At all these localities the fossils seem to be similar, tlie mo.st 
characteristic forms being Oal^mene fj[umlraf(f sp. nov, and large 
Qliristiania fenidcincia. The following is a list of the forms 
found at the above-mentioned localities, and others situated in 
the same stratigmphieal position : — 


Atrypa cf. marginalis Dalman,. j 

Ch risfiania teniiicincta (M'Coy) ; large ! 
rotund, form. | 

Do, do. : elongate form. ' 

JLeptsena rliomhoidalis var, y Reed. j 

Merisfina cf. crassa (Sowerby) ; one 
specimen. j 

Orthis calligramma Dalman. 

Orth is sp. 46. [See p. 507.] j 

Plectam bon ties sericea^ tj’pe- i 

PlectamhonitesBtS.rhomhica (Davidson), i 
Plectambonites sp. nov. ! 

Pajiiiesqnina snharach noidea Reed. 
Strophomena sp. 

Calymenequad^'utaBp. nov. [Seep. 504.] 
Cybele lov&rii Liiinc. 

Jllsenns, 


Lichas geihei var. nov. [See p. 505.] 
Lichas sp. 

Pterygometopus hrongniarfi var. 

nov. [See p. 506.] 
RemopJeurides nicholsoni Reed, 
Sphserocoryphe fhomsoni Reed. 
Staurocephalvs cf. minrhisuui 
Barrande. 

Stygina latifwiis? (Portloek). 
Trinnclens cf. hurhlandi Barrande. 
Phyllopora, 

Ptilodicfya dichoiamtt Portloek. 
Mmiticidipora fibrosa M‘Coy. 
Connlaria pla nisepfafa Slater. 
Co 7 traiIella of. fitnhriafn Ulrich & 
Schofield. 

Orthoceras sp 
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The next section of interest is that at the head of the hrst 
tributary of the Marehnant stream coming from the south oft' 
l^eii-y-bylehau, Avhich joins the main stream near point 1117 on 
the bridle-path (1-inch Ordnance Survey map). 

The tributary stream rises in some bogg^^ ground, and cuts a 
small gorge through the upper slopes of the valley-side : here are 
ex]>osed several hundred feet of strata, the lower beds being exactly 
similar to those described above and yielding CUtlijmene (juailmta 
in profusion, with the usual assemblage of fossils. Tn this section, 
however, these beds are followed by some 45 feet of very tough, 
blue-grey, bloeky mudstones almost free from sandy material, and 
weathering with orange-coloured rusty joints. Tliey liave yielded 
a small, but excellently preserved fauna, the commonest forms 
being tlie following (loc. c G, hg. 4, p. 499) : — 


Trinifclena hncklandi Barraiide 
(common). 

I^hjtjina latifrons (Portlock). 

CffbeXe loveni Limit*. 


Illsanns. 

RemopleurhleK ( ?). 

Plectanrhoiiitf\s‘ cf. qiuiiquecostata 
(M‘Coy). 


Of these the THnvcleus, Sti/gina, and Ilheniis arc represented by 
complete individuals. 


Ordovician- Silurian Boundary. 

Above the mudstones with Tri nit elms just described there is 
a sudden and eomjdete change of lithology to a massive brown 
sandstone some 15 feet thick. When fresh, this sandstone is 
somewhat calcareous and blue-grey in colour; hut, when it is 
weathered, certain beds are seen to he crowded with brachiopods 
and crinoid-stems. 

The exact horizon of this sandstone is o])en to doubt, l>ut it 
obviously indicates some change in the relationship between land 
and sea. On cartographical evidence there would appear to be a 
slight unconformity at the base of the sandstone, for it is sigui- 
licant that there ai’e 45 feet of hlocky mudstones w’ith Trl^n{cle^ls 
between the sandstone and the 0(thfmene-cj[uadmta Beds at the 
e 6 locality’’ (see fig. 4, p. 499) ; and apparently the sandstone rests 
directly upon the Cal^mene-^nadrata Beds at the Ordnance 
bench-mark 978*5 in the Blaen-y-cwm valley (32, tig. p. 490), 
about half a mile distant. Both faunistically as Avell as litholo- 
gically, the break is complete. By far the commonest fossil is 
Meristinct crassa (Sowerby), hut associated with it are ; — 


Orthis sagittifera M'Ooy. 
Atrypa margmalis Dalman. 
Lepisena sp. 

Sti'ophomena sp. 


I Platystrophia hifomtci var. 

costata (M’Ooy). 

{ Myelodactylus, 


The sandstone may be traced almost contimxously in a nearly 
straight line, fi*om above the Vyniwj near Glan-y-rhyd to beyond 
the Blaen-y-cwm valley, a distance of 8 miles. It is seen at Khos- 
fawr, 3 miles west-north- west of Llanfyllin- 
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South-west o£ Llau£ 3 ’liin, on Allt Gdeh, a peculiar grit with 
basal calcareous conglomerate is found, l.ving upon Ashgi Ilian beds 
which contain Cali/mene q^tadrata, etc. This grit is also fossili- 
ferons, I'ielding corals and a few brachiopods. It inaj' be noted 
that in Salter's Catalogue ) fossils are recorded from this locality', 

the lithology' of such species 



as are preserved showing 
that thei" come from this 
conglomerate. The follow- 
ing forms are noted : — lie- 
lioUtes iuhnUda ( Lonsdale f. 
Favosites sp-, and Fenta- 
•merits rofiendns Sowerbv. 
The last-named is, however, 
an extremely poor specimen, 
and even the generic deter- 
mination is uncertain. 

That the sandstone (with 
3Ie}’isfiJii/ ovfssa) and the 
grit lithologically belong tt» 
the overhung beds is shown 
their passage upwards 
into the higher beds ; blue- 
shale wisps becoming in- 
creasingh" more abundant, 
until the -whoie has passed 
into peculiar wa\\v-hedde(.l 
sand^" shales, with partings 
of darlv-hlue shale. Unfor- 
tunateh*, these beds have 
3 uelded no fossils. 

The sudden change in li- 
thology’ from the Ashgillian 
mudstones to the sandstone, 
and the gmdual passage of 
the sandstone into the over- 
lying beds, together with 
the presence of such large 
numbers of JUT, erassa and 
other Jllensfin^ie and the ap- 
parent absence of FTiaco^s- 
Qmtcroiiafits Beds, would 
seem to corroborate the sug- 


gestion that there is a slight 
unconformity’ between the sandstone and the Ashgillian, and to^in- 
dicate Silui'ian (Lower Yalentian) age for the sandstone, although 
some of the fossils appear to occur in the higher Ashgillian beds 
elsewhere. 


^ J . W. Salter, ‘ Catalogue of the Collection of Cambrian & Silurian 
Fossils, &c.* Cambridge, 1873, pp. 73-70. 
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Silurian. 

It is not proposed to describe the Silurian rocks in detail, but it 
may be noted that in the area under consideration iimcli of the 
Upper Yalentian appears to be missing by strike-faulting, although 
a few graptolites of Middle Gala age have been found. The 
Salopian is, however, well developed, and forms high ground. 
There are numerous beds of coarse grit in the south-west of the 
area, and in the Blaen-y-cwni valley three beds may still be 
distinguished, one forming the bold crag of Craig Faeh, and 
another forming the crags iminediatel 3 ’' south of \ S and Ordnance 
bench-mark 918*6 (fig. 3, p. 496). This is the lowest grit, and 
is the only one that can be traced north-eastwards. This grit 
also thins out so rapidly that in the stream-section. Just before the 
Silurian is faulted out by the Bwlch-y-gi-eolen Fault, it is repre- 
sented by a thin sandstone. East of that point no grits appear at 
this horizon. 

V. CoIIHELATIONS WITH Neighpouhino Akeas. 

(^.) WelslipooL — The lower beds have much in common in 
the two ai’eas ; but, as the main land-mass appears to have Iain on 
the east, the beds at Welshpool are liable to be somewhat coarser. 
Much of the Gaer-fawr Grit series is extremely like the Oaradoeian 
sandstones of the Berw^^ns, and there can be little doubt tluit the 
Gwern-y-brain Beds are of the same age as the Pen-y-garnedd 
Shales. These have been shown to be much move cdosely related 
to the Caradocian than to the Ashgillian. The f:iuna recorded 
from the Gwern-y-brain Beds is peculiar; but the absence of the 
typical basal Ashgillian as developed in the Marehnant Valley 
made coi'velation difhcult. It would now appear, however, that 
the Ashgillian is entirely missing in the Welshpool area, and, if 
ever deposited, was eroded prior to the deposition of the Powis 
Castle Conglomei'ate. 

(5) Glyn Ceiriog. — The connexion with the Glyn (.Viriog 
area is naturally close. Volcanic action was more rife in the Glyn 
area in Caradocian times, the northern flank of the Berwyn Hills 
coming uiider the influence of both the western or north-western 
vents and the vents situated on the south-east near the Carboni- 
ferous Escarpment ; while the South-Western Berwyns only 
received small showers of ash, presumably from a north-westerly 
direction. 

The strike-fault at the base of the Dolhir Beds obscures tlie 
sections at the base of the Ashgillian ; but it is clear that the 
Blaen-y-cwnn Beds are the equivalent of the Pen-y-garnedd Shales,^ 
while perhaps the Tyhi-y-twmpath Beds are contemporaneous witli 
the dark Louver Ashgilliau of the Marehnant Valley. ‘ 


See li. J. Wills & B. Smith, Q. J, G. S. vol. Ixxviii (1922) pj 18C. 
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The Glyn Grit fossils do not ajDpear to be the same as those 
from the llferist? iia-crassa Sandstone, and it would seem that the 
grit was being formed at a time when the Marchnant Valley was 
actually above water, or at any rate undergoing submarine erosion. 
The J!^,-crassa Sandstone would be the deposit formed on re- 
submersion or renewal of sedimentation, and therefore correspond 
in time with the upper x^art of the Corwen-Glyn Grit or i)rohably 
somewhat later. 

(c) Bala. — In many resj^ects the eoiTelation with the Bala 
district is the easiest to make, for the faunal grouj^s suggested h}^ 
Miss G. L. Elies are found to be applicable. Among the j)oints of 
detail, the fact that the ash-beds in the South-Western Berwyn 
Caradocian are much fewer and thinner is worthy of note. 

The lithological type of the main mass, as well as the fauna, ot 
the 0,-alternata Sandstones is extremely similar in the two areas. 
In the O.-actooiioi Beds, however, the similarity is less marked. 
In the lower i)ortion, in the Marchnant Valley, there are only 
slight signs of contemporaneous volcanic activity ; but the paljeon- 
tological evidence leaves no room for doubt as to the correlation 
with part of the calcareous-ash grouj) at Bala. At that locality, 
however, thei'e is no black gx’aptolite-shale group corresponding to 
the Pen-y-garnedd Beds ; jjresumably, if the theory of the lagoon 
oi'igin of the black shales be correct, the Bala area lay outside the 
barrier which separated the open sea from the lagoon waters. 

In Ashgillian times conditions were again equalized ; but no 
limestone comparable with the Rhiwlas Limestone was dex^osited 
in the Marchnant Valley, 

Some doubt may be expressed as to the eoiTelation higher in the 
sequence, for no fossils comparable wnth those from the mudstones 
of the Marchnant Valley have been found in the Moel-fryn Sand- 
stones of Bala. The M.-crassa Sandstone appears to be about the 
horizon of the somewhat more open-water beds represented by the 
Hirnant Groux:), 

VI. GeJTERAB SUMMARr OF THE SEQUENCE OF E VENTS 

IN THE South-Western Berwyns. 

Luring early Oamdoeian times a shallow sea covered the district, 
which was gradually sinking to keep pace with the accumulation 
of the sands and silts that were being brought into the region. At 
one period volcanic ash from the north-west reached this part of 
the Berwyns in sudicient quantities to fox'm a definite ash-bed, 
while at other times much fine volcanic material was mixed with 
the normal terrigenous sediments. 

The fauna at this period consisted largely of hrachiopods, together 
with a few trilobites. In later Camdocian times the sedimentation 
was more calcareous, and again fragments of volcanic ash (mainlj^ 
in the form of bits of felspar) reached the area ; life was extremely 
abundant in the shallow seas, the hrachiopods and trilobites being 



part 4] rPPER ORDOVIi'TAK OF THE HERWVX HILLS. o03 

of eonspiuiiously large size. Then came u marked eluinge in the 
physical conditions, which seems to have afceted the type of 
deposit and fauna ; for, instead of limestones and mudstones, witli 
large well-grown forms, black limestones and shales occur con- 
taining dwarfed graptolites, inarticulate braehiopods, and small 
thin-shelled mollusca. 

This change i.s thouglit to be due to the formation of an 
enclosed lagoon between the land on the east and the open shallow 
sea on the west. Whatever these conditions may have been, they 
were of eomparatively short duration, and soon gave place to a 
more normal type of sedimentation with the incoming of the 
Ashgillian fauna. This fauna was composed of numerous small 
(but highly, or even excessively) developed forms, which nourished 
in the Lower Ashgillian muds. Tins fauna seems to he exotic, 
rather than descended from tlie former indigenous Caradocian 
fauna. 

During the whole of Ashgillian time, as represented in tliis 
district, the sea appears to have remained fairly shalk>w, and 
supported a large fauna — ^trilobites, polyzoa, and braehiopod.s being 
the commonest forms, with a few eystidea and gastropods. 

The basal sandstone of the Silurian indicates the tirst break in 
the succession, and it is probable that, after the deposition of the 
mudstones with Trinifcleus hitcMantli and perhaps other beds 
corresponding to the JPhacops-miicrouafus Beds, the area was 
subjected to tilting, the uplift being greatest in the Welshpool 
district, slight in the Yyni'wy district, and at Glyn Ceiriog and 
Corwen possibly not raising the sea-floor enough for erosion, but 
only bringing "that region within reach of the sandy sedimenta- 
tion whieli gave rise to the Glyn-Corwen Grit. When submersion 
and deposition again began in the Tyriiwy area the shallow-water 
massive Meristnin-crassa Sandstone was laid down, and wdth 
deepening water came the overlying Valentian shales and mud- 
stones ; while, in the neighbourhood of AVelshpooI, the greater 
elevation and more prolonged period of denudation removed tlje 
whole of the Ashgillian, the sea not entering that area until 
Upper Valentian times. 

It appears, therefore, that the South-Western Berwyn area 
throughout Upper Ordovician times was one of shallow water, 
but also one in which the conditions of deposition and supply 
and type of sediment varied considerably from time to time; 
throughout, however, it was one well able to .siipiJort a large and 
varied fauna, the remains of which can be seen in the rocks as 
now exposed. 

YU. pAI/iEOXTOLOaiOAL NOTES. 

General Bemarks. 

The Caradocian hiuna, with the exception of that of the highest 
beds, is the typical North Welsh fauna of the age. The pecu- 
liarities of the fauna of the highest Caradocian (black-shale group) 
have already been noted. 
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Tlie fiiiina of the lowest Asli^’illian is that of the Illiiwlas 
Limestone and Mudstoiuj ; l)nt, in the hig*her AshgilHaii beds, tlie 
fauna is nnudi riehei* tlian in the western ]):irts of North Wales, 
and it is here that several new forms of interest are found. 

It will be noticed that, in the lists of f<issils from the (Utlymene- 
qnadraiii Ileds a large number are identified with forms found in 
the ‘vStarhsh Baud ’ of the J>rummocdv Group jit (Jirvan. 

The fauna of the Tri miclefis-hiicJcI audl Mudstones appears to 
belong* to the Oahj mnie-qnaclyttla fauna, and not to tlie Pliacops- 
miicrouutun fauna. 

The stratigra])hieal evidence for placing* the h\i(-crasm 

Sandstone in the Silurian has already been noted; but, from the 
point of view of the fauna, there are dhliculties. Jf, however, 
Miss Klleshs contention as to the age of the llirnant Beds be 
admitted, then there would be little doubt that the M.-crd^sa 
Sandstones are also vSilurian ; for the species (a])art from new 
forms) ai’e either found in the Hirnant Beds, or in the normal 
Lower Ahilentian. On the whole, theref<n*e, the evidenee in this 
area supjjorts the ascription of a Silurian age to the Hirnant Beds. 

Description of Fossils. 

Calymexe quadrata nov, (PI. XXVI, figs. 1 A’. 2.) 

Description. — The general outline is that of a roundly trun- 
cated inv'erted cone. Tlie head-shield is a <:|uarter of the length 
of the whole, and ])resents the general ap]:>earance of lining wide and 
short. The glabella is inflated, and its width, from the outside of 
the basal lobes, is equal to, or somewhat greater than, its length ; 
while the cpiadrate form of the frontal portion is sufiiciently 
distinctive to suggest the name quadrat a. The whole surface 
shows a fine granulation, which is equally developed on young 
and on adult individuals. The basal glabellar lobes ar(‘ Isirgti anti 
round, while the second and third lobes art; much smaller and of 
nearly equal size. This eirciimstaucc, together with the extreme 
sti’aightness of the anterior margin of the glabella, accounts for 
the almost square outline of the anterior half of the glabella. 
The frontal border is of the concave llattened type (as in (d plant- 
marqinata Ueed) ; but, owing to the inflated nature of the 
glabella, the margin only rises to about half the height of the 
glabella. The anterior mai'gin, when seen from above, is straight, 
or even slightly incurved towards the glabella. 'The eyes are 
small, situated opposite the second gluhellar lol)c, and raised to 
about the same height as the glabella, thus leaving a deep, slightly 
concave, axial furrow between the raised fixed cheek and the 
glabella. A marked pit is observable in the axial furrow, somewhat 
in front of the third glabellar lobe. The rostral suture is seen to 
I'Lin just on the under side of the raised frontal margin to a 
])osition immediately in front of the eye ; the anterior part of the 
facial suture joins this point to the eye in an almost straight line. 
A+. «ve. the lateral part of the facial suture makes a right 
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angle with the anterior portion, from whicli plaint it runs in a 
falling curve to the rounded genal angle. 

The four complete specimens each have twelve thoracic seg- 
ments. The axis is broad and arched, joining the jileiira* at aliuut 
100^; the axial half of the pleura lies horizontal, while the 
marginal half is sharply bent down to within lo' of tlie vei’tical. 

Tlie outline of the ]>ygidiiiiii is that of a hent bow i with cord 
taut), the margins of the pleural portions being aliiinst straight 
lines. The axis is well delined, with usually four well-markctl 
rings and a large, broad, somewhat llat, posterior >.egineiit. The 
pleural portions are well detined. Viewed from behind, the 
pygidium shows a marked arching of the border towards the axis. 

The hypostome is t>f the normal CaJiiuiene type, so far as could 
be judged from an impei-feet specimen prc.'served in place in a 
glabella. 

The dimensions of the liolotype, in millimetres, are as follows : — 


Total length 

Head- shield; length 

Thorax ; length 

Pygidium ; length . . 


21 Greatest width 17 

7 YVidtli (at the genal angle#*) . 17 

9*5 Width (anterior segment) ... 15*5 

4*5 Width 10 


The liolotyiDe is preserved in the Museum of Practical Geology, 
Jermyn Street, London, under the registration- number ^1742— PI. 

lie la ted forms. — This species has much in common with 
Cahfmme pJanimarcfinnia Keed {z=:S(fna/*ia of Salter in part). 
This is indicated by the shape of the frontal margin and the 
relatively great width of the glabella. It is easily distinguished 
from C. phtaimarginata by the squareness of the glabella, and by 
the almost equal and small size of the 2nd and J3rd glabellar 
lobes ; the glabella is also more inilatod in the new species. 
Another form that appears to be related is Ckilymeue citt'actnci, 
which usually comes in the highest Oaradocian. O. caraviaci^ 
however, has a much narrower glabella and iTiore graded glabellar 
lobes. A specimen from the lowest Asligillian of this district 
appears to be intermediate between C. caraclavt and O. qi((filra(it. 

Horizon . — CaJpmene tqifadj'ata has been found in the Ash- 
gillian in the higher beds wdth JPkillfpisinella parahoUt^ and is 
extremely abundant in the sandy mudstones of the liigher part of 
the Asligillian in the South-Western Berwyns, where it has been 
taken as an index-fossil for a group of strata. Among the 
specimens found are four full-grow’ii and three young com^)lete 
individuals, together wdth numerous isolated head-siiields. 


Lichas geiiwEI Etheridge & !N'icholsoxi, var. (PI, XXYI, fig, 3.) 

A single example of a minute pygidium belonging to a Lichas 
of the group of L, geiTcei w'as obtained from the loiver part of the 
Oalt/mene-quadrata Beds at ^A on Oraig-fawr (see fig. 3, p. 40G). 
The pygidium is subquadrilateral in outline, fiat, ivith a w’ell-raised 
axis extending over half the length of the ^ pygidium, ending 
bluntly, but continued as a narrow post-axial ridge to the median 
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notch oi: the posterior inarg*in. Tlirec well-developed axial rino-s 
are preserved on the anterior pai*t of the axis. The lateral parts 
of the pygidium consist of three ]3airs of }')ienric similar to those of 
Li. cfeikei\ but the Hrst two have the median jileural furrow even 
more strongly’ developed. All plenrte extend to beyond the 
margin, leaving marked notches in the border. Surface oi’iiamented 
by fine granules. 

* Dimensions. — Width of pygidium = 3*5 mm. ; length = 
2*0 mm. 

Phacops CPTEHrooiiETOPUs) -nnoNrjNiAPTT Portloek, var. 

(PI. XXVI, tigs. 4 & 5.) 

An almost complete enrolled specimen was obtained from the 
higher part of the Cftlymene-quadi'ctfa Beds on (h'aig-fawr 
(B 8 locality, tig. 3, p. 496). 

The head- shield is very similar to that of JP/, hronfjniarli Port- 
lock, the only differences being variations in intensity of character 
rather than in shape : thus, the neck-furrow and gi'oove on the 
fixed cheek at its junction with the eye seem to he le.ss developed 
in this specimen, while the anterior (cat's ear) glabellar lobe is 
rather more pointed anteriorly. The pygidium shows, however, 
considerable differences ; the variety is distinctly pointed, while 
the pleurje, although clearly hut not dee]jly marked off one from 
the other, show no signs of the bifurcation which J^irtlock note.s 
as one of the characteristics of his species. 

Dimensions in millimetreH, 


Glabella j length 10 

Glabella; width (g'enal angle) 17 

Pygidium ; length 10 

Pygidium ; width 14 


As only one specimen of this form has been found, it is probably 
advisable to con.sider it as a variety of Jkn-tlock's species, until 
other specimens have been obtained and we can set* whether the 
eharacter.s noted above ai*e constant. 

Chbistiania tenuicincta (M‘Coy). 

This is one of the most chameterLstie fossils of the Ashgillian of 
the area. The forms in the lower FliniipaineUa lieds are small 
(7 to 8 mm.) and generally of the same length as width ; but, in 
the higher beds {Gah/meiie-quaclraia- Beds), they attain much 
larger dimensions, and tend to group into two types ; (a) elongate 
form and (h) rotund form. 

Individuals gave the following measurements in millimetres : — 

{a) Length = 19; width = 14. 

( b) Length =; 1 3 ; width =15. 

This species appears to be almost restricted to the Ashgillian, 
and it should be noted that the specimen figured by Thomas 
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Davidson ^ from Itlios-Fawr Llanfyllin is almost certainly from 
the Ashgillian {Calymene-riiiuilnita Beds) and not from the 
Lo\ver Llandovery as stated j similarly, liis specimens from 
Lledfron Llanfyllin- are also Ashgillian {FhiUipsinella Beds) 
and not Caradoeian. 

OrTUIS (DaLMA^’ELLA) Sp. It. 

Tills form is, jirohably, included in some of the fossil lists as 
Orth is crispa hut it lacks ornamentation on the ribs, and 

only has it in the grooves. Hei-e, however, the ornamentation does 
not consist of simple lainiiue, hut of a series of honeycomh-like pits 
arranged in longitudinal groups. The rihs hifurcate generally 
once, at about half their length. 

The shells are generally fragiiientarv, and no internal structures 
have been obtained ; hut the ornamentation is easily distinguislied, 
and the form a])pears to he characteristic of the higher 
FhilJipsincdJa Beds and the lower part of the Cahfinene- 
<j net drat a Beds. 

In conclusion, i have to express my thanks to Prof. J. E. Marr 
and to Miss Ct. L. Elies for much help and useful criticism ; also 
to Prof. 0. T. Jones for examining and naming some of the 
hraehiopuds. 


EXPLANATION OP PLATE XXVI. 

Trilobitcs from tho Ashgillian {CaXunieiie-quadmia Beds) of the Blaeiry-cwni 
valley, 5 miles west-nortii-west of Llanfyllin (Montgomeryshire). 

[The locality-letters are shown in the map, fig. 3, p. 496.] 

Pig. 1. Calymene quadrata sp. nov. Holotypc from X8 on the crags of 
Craig Pawr, Blaeu-y-cwin valley, Llanfyllin. Specimen No. 31742- 
43. Bliiseum of Practical Geology, Jermyii Street. X 2*5. 

2. Du. A more perfect head, without free cheeks; tS, same locality. 

Sedgwick Museum, Cambridge. X 2*5. 

3. Lidias geilcei Nicholson & Etheridge, var. Pygidium from M, same 

locality. Sedgwick Museum, Cambridge. X 6. 

Pigs. 4 & 5. Phacops (Pterijgometopm) hmnguiarti Portlock, var. Two views 
of an enrolled specimen from tS, same locality. Sedgwick 
Museum, Cambridge. X 3*5. 


^ ‘ Blouograph of the British Fossil Brachiopoda * vol. iii, Pal. Soc. 1864-71 , 
pi. xlvii, fig. 18. 

Ibid. i>l. xlvii. figs. 8-15. 


[For the Discussion, see p. 541.] 
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19. The Oeoeooy of ihe District Cokjus (tnd Abeulle- 

PEKKt (MEJUOKETIISHTRE). l^y AViLi.lAZVE Jo UK PuGlI, 

B.A., F.G.S., Professor of (Heology in the University 
College of Wales, Aberystwyth. (Read M.ay lOtli, 1923.) 

[Plate XXVII— Map.] 
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I. Introbvctiok. 

The area de.scribed in this paper lies south-eii.st of the main 
mass of Cader Idris, about the villages of Corris and Aberllefeuni. 
The north-western boundary is the great fault- valley of Tal-y-llyii, 
lying at the foot of Cader Idris, and along which runs the road 
from Towyn to Dolgolly, over the picturesque pass called Bwlch- 
llyn-hach. The south-eastern boundary lies parallel, at a di, stance 
of some 3 or 4 miles. The area extends from the high ground 
about Taren y Gesail in the west to Mynjdd Dolgoed and Waen 
Oer in the east, a distance of about (> or 7 miles. 

The district lies mainly within the county of Merioneth, but a 
part extends over the border into Montgomeryshire. It is included 
in the 1-inch Ordnance Survey Maps, Sheets 1 19 150, in the 

6-inch maps of Merionethshire, Sheets XL! I, N.E. & S.E., XLIll, 
IST.W., XXXVII, S.E., XXXVIir, S.W., and in the Geological 
Survey Map, Old Series, I-inch Sheet 59, N.E. 

The area is drained almost entirely by tributaries of the Biver 
Dyti (Dovey), which lies some 4 or 5 miles south of Corns. The 
most important sti*eam traversing the area is the Biver Dulas, 
which passes thi*ough the villages of Corns and Abeillefenni. It 
is along this valley that the main road from Machynlleth reaches 
Corris and Aberllefenni, and it is also followed by a light -railway 
which affords alternative communication between the above- 
mentioned localities. 

The region is one of some economic importance, and contains 
im])ortant slate- and slab-quarries, which have been worked for a 
great number of years ; it is stated that the quarries at Aberllefenni 
were opened about the year 1500d The area forms part of an 

1 D. 0. Davies, ‘ A Treatise ou Slate &> Slate -Quarrying ’ 1878, p, 64. 
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extensive slatc-ijuarrying* region whieli extemls from near Tuwyu 
in the west as far as Dinas Mawddwy in tlie north-east. 

Exce}>t for slate-qiiarrving, tile main oeeupatiuii is sliee] ♦-farming, 
there heing comjxirativcly little ground capable of tillage. 

Physical Features, 

Tlie area forms part of a deeply dissected plateau, which attains 
an altitude of 11200 to l^SOO feet: but locally greater heights ai'e 
reached, as, for example, at Taren y Ge>ail, snutli-vrest of Corris 
I 1961 feet), and Waen t)er, north-east of Aberllefonni (over 
1>00U f(?et ). 

Many of the streams show well -marked features of rejuvenation, 
a charaeteristie which is common to many of the streams CM.»mprised 
within the Dyfi drainage-area. I'lie rejuvenation is well seen in 
some of the tributary valleys of the River Dulas, and partieularly 
those lying south of Corris. Tlie ujiper part of these trihutaiy 
valleys is wide and tloored with boulder-clay, wliile, lower down, 
the stream suddenly plunges into a steep-siiled and wooded gorge. 
Such characteristics, to cite one example, are Well slu»wn in the 
small stream called Xant y Daren, Avhere the change in character 
occurs about the t500-fuot contour-line, and may be recognized at 
once hy examination of a large-scale map. Jn the held this 
change in topograply is well marked. 

The area exhibits inant" of the cdiaraeteristic features resulting 
from glaciation ; fur instance, the broad, straight valley of the 
Llefenni (above Aberllefenni), the small cwms of Taren y Gesail, 
etc. ; but the district is comparatively free fi’om glacial drift. 
Where glacial deposits do occur, they are almost entiivl^?’ contined 
to the floor of the larger valleys and the upper parts of the tributary 
or smaller valleys. As a result, rock-outcrops are numerous over 
practically the whole area. This, coupled with the numerous 
quarries and trials for slate, makes it jjossible to survey the district 
with a considerable degree of accuracy. 

II. History ot Puktious Kesearciu 

There are comparatively few references in geological literature 
to this area, and little detailed work ap^jears to have been attem 2 )ted 
previousl}’’. 

In IS-IT, Adam Sedgwick ^ described a section from a point on 
^ the south side of the Barmouth estuary over the top of Cader 
Idris, and thence over the ridges of Arran y Gesail- to the valky 
above Machynlledd.’ He states that such a section ‘ will he nearly 
transverse to the general strike of the country.' Sedgwick divided 
the rocks along this line of section into a number of groups, based 
principally upon their lithological characters ; hut it is interesting 
to observe that he recognized the two great groups of rocks in this 

1 Q. J. G\ S. Tol. hi (1847) pp. 147-48. 

- Now spelt on the Ordnance Survey Maps * Taren y (3fesail/ 
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district : namely, the Upper Ordovician lying above the volcanic 
rocks and the Yalentian, especialW the Uj^per A^alcntian or Tarannoii 
Series, which covers so large an area between Corris and Machyn- 
lleth, and the rocks of Avhich are * violently contorted 

Sedgwick included ‘a part of the slate series on the south 
Hank of Cader Idris, descending towards the country nearMachyn- 
lledd ’ in his ‘ Upper Cambrian slate group, or the Trilobite 
group, or (geographically) the Bala group ’ (oj). cit. pp. 157, 15S ). 

In 1852, Sedgwick ^ again referred to this area. In giving a 
classification of the Lower Palaiozoic rocks, he stated that the 
‘ Bala Group ’ which overlies ‘the Arenig slates and porphyries’ is 
of great thickness, and that the lower part of the group is finely 
developed on the south-eastern fianks of Cader Idris. 

In the same year appeared the (leologieal Survey Horizontal 
Section No. 26, which indicated the general arrangeiuent of the 
rocks along a line through Cader Idris south-eastwards, and 
passing between Corris and Aberllefenni. 

In the following year. Sir Andrew liainsay ^ stated that Bala 
and Llandeilo rocks overlie the volcanic rocks of Cader Idris, and 
occupy the country on the south-east. He comments upon their 
unfossiliferous nature. 

In 1855, the Geological Survey Map •“ of the Cader Idris country 
was j)ublished. The rocks of the Corris-Aberllefenni area are indi- 
cated as being of Lower Silurian age. Along the south-eastern 
margin of the volcanic rocks the symbol • b ’ may be observed, 
indicating ‘Llandeilo and Arenig’ beds, while all the country on 
the south and south-east is labelled indicating ‘ Caradoc 

or Bala’ rocks. 

In 1872, the Kev. W. S. Symonds '^ referred bitefiy to this area, 
and, in describing the unfossiliferous nature of the rocks, stated 
that they appeared ‘ to resemble, rather the nearly unfossiliferous 
grits of the Lower Llandovery series, than the fossiliferous Caradoc 
strata of Bala and other districts.’ 

Six years later appeared Mr. D. C. Davies’s ‘ Treatise on Slate 
& Slate- Quarry in g ’ (1878, pp. 61-64), and, so far as I am aware, 
this contains the most detailed description of the rocks of this 
area that has been published. Davies classified the rocks of the 
Corns area as belonging to the Llandeilo Series, and considered it 
erroneous to correlate them with the Bala Group. He describes 
the slate-beds in some detail, and gives a hoinzontal section of 
the strata. He recognizes the slate-bed locally known as the 
‘ NaxTOW Vein and states that it is overlaixx by the ‘ Hard lioek 
This latter group is, according to Davies, ovexdain by the * Bimd 
Vein’ or ‘Broad Slate-Bed’, and he cites Aborcwnxeiddaw as a 
quarry in the ‘Bi’oad Vein The ‘ Bi-oad Vein according to his 
section, is overlain by the ‘Black JJ.ock’. 

* Q. J. G.S. Tol. viii (1852) p. 148. 

2 Ibid, vol. ix (1853) p. 163. 

Geolog-ical Survey of Great Britain, 1-incJi Sheet, Old Series, 59, N.E. 

^ ‘Becords of the Books ’ 1872, p, 104. 
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There is little doiiht that the siiceessioii given by Davies 
should be reversed, and that the • Narrow Vein ’ overlies the 
‘ Broad Vein % whieh in its turn overlies the " Jilaek lloek This 
reading* is corroborated by the fossils which have now been obtained 
from the different groups. 

Ill addition, Davies gives a list of quarries in the Curris area, 
stating the particular slate-bed in which each (piarry is located, 
and this, in many cases, requires moditication. 

In 18S1, Sir Andrew Ihiinsayi described the - Bala Beds, south 
of Cader Idris ’ in some detail. He stated that no fossils had been 
discovered between Aberdovey and the Bala Limestone beyond 
Dinas Mawddwy. He considered that the sandy beds of Garnedd- 
wen might be ‘ on the general ])arallel of the "Bala Limestone, or 
of the fossiliferous strata not far below ' {oj}. cU. p. 10(5). This 
latter statement is improbable, for the sandy beds of Garnedd- 
wen are part of the highest Ordovician group in the Corris area. 

In the same year, Walter Iveeping - described the occurrence of 
grax^tolites in this area, and, so far as 1 am aware, that is the first 
and only record of fossils. U]) to that time the area had been 
considered by all investigators as entirely devoid of fossils. Keep- 
ing referred the Corris rocks to his * Metalliferous Slate Group 
and x*ecorded from Corris and Taren y Gesail JMono^rajjtiis 
sedf/wieJeii (/) Portlock, 31. fenttis C'*) Portloek, Olimacograptus 
scalaris Hisinger, and OHhoceras sp. The graptolites were, in 
all probability, obtained from the now disused slate- quarries in the 
Birkhill rocks at Corris and Taren y Gesail. 

After Keeping’s paper, the only other reference to the area is 
that by Prof. W. G. Fearnsides in 1910.^ He states that a mono- 
tonous series of dark banded mudstones overlies the Llandeilian 
volcanoes along the southern flanks of Cader Idris and the Arans, 
and that they probably, therefore, represent some part of the 
Caradocian. 

Prof. A. H. Cox and Mr. A. K. Wells have been working for 
some years in the adjoining area around Dolgelly and the main 
Cader Idris range. The details of their investigations, concerning 
the lower part of the Ordovician succession, have recently been 
published,'* and a summary of the general Ordovician succession up 
to the highest volcanic rocks is contained in a Report to the 
British Association.® 

The present paper describes the succession of the Upper 
Ordovician and Lower Silurian rocks lying south-east of the Cader 
Idris area, and is intended, in some measure, to bridge over the 
gap in our knowledge concerning the rocks and structure of the 
country lying between Cader Idris and Machynlleth, the geology 
of the latter place having been described in 1915.® 

1 ‘ The Geology of North Wales ’ Mem. Geol. Surv. 2na od. <1881) p. lOo. 

- Q. J. G, S. voL xxxvii (1881) p. 162. 

JttbUee Vol. Geol. Assoc. 1910, pp. 799, 804, 816. 

A. H. Cox & A. K. Wells, Q. J. O. S. vol. Ixxvi (1920-21) p. 254. 

s A. H. Cox & A. 3C. Wells, Bep, Brit. Assoo. (Manchester) 1915, p. 424. 

c O. T. Jones & W. J. Pngh, Q. J. G. S. vol. Ixxi (1915-16) p. 343, 
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The rocks of the Cori’is-Aborllefcnni urcji bcloiii^ to the Upper 
Ordovician and Lower Silurian. They consist of niiulstones, slaty 
shales, and slates, with subordinate l^ands of grit. The arenaceous 
beds are largely eontined to tlie highest Ordovician and tlie highest 
Silurian rocks examined. The Ordovician grits 2)ass laterally, in 
some places, into strong quartzose conglomerates. 


SVNOrSIfci OF THE SUCCESSION. 


r. 


A 

l-i 

■1 


Ystwith Stag-i 


Pont K e w t d 
Stage. 


Bala. 


Llandeilo. 


( Pale iiiiulstonef-, with luiiuorous laini- 
i jiated gTit-bantls. 

I ) GY w e u ( Palo gi*t‘yish-blut‘ mudstones, with dark 
(Ironp. 1 graptolitic shale-hands. 

f nine and davk-hlue shiilos a)id nmd- 
I stones, with thin siliceous seams and 
a ]ironounce<l rusty weathering. 
Ease of the grouj) detined hy the 
zone of GliiQJtoj:/ rap ties persciilptus 
or ‘ Mottled iJeds consisting of 
thinly bedded mudstones. 

r o. Garnedd-wou Beds. Mudstones, 
ivith hands ot grit. Gritty mud- 
stones and some conglomerates. 

2. NaxTow Vein ( = Y Faen gnl). Dark- 
blue slate. 

]. lied Vein ( = Y Faeu goeli). Dark- 
blue niiulstones, in parts mottled 
with dark patches. Zone of 
Dicelloyraptus anvepst. 

, f Broad Vein (~Y Faen lyda a). Bluish- 
*^eid'd'i\\^* mudstones, characteristically 

Group. ^ 


C w m e r e 
Group. 


.\hercorris . 
G r o u p. 


Heiigae 

Group. 


Craig y 
b 1 a m 
Group. 


M 


mottled, locally greyish -blue shites de- 
veloped. TrinueJeus, Oyclop}jge, etc. 

2. Nod Glas. Coal-black shales and 
blocky mudstones, pyritous, JJi- 
cranogra^tiis clingani, Dicello- 
gra^ytus morrisif and Dicellor/rap- 
tm forchaimneri^ etc. 

1. Ceisw’yn Beds. Gi'eyish-hlue .‘•laty 
mudstones, with thin gritty bands. 
In the low'er part are highly 
cleaved dark slates. 

llliyolitic lavas and ashes. (The Upper 
Acid or Craig y Liam Sei’ies of 
A. H. CVx &. A. K. Wells.) 


The develojjment of the Silurian rocks is very similar to that 
described in the Machynlleth ^ area, both in lithology and in 
fauna. Jt is pro^Dosed, therefore, to adopt the same nomenclature 
and subdivisions as those given at Maelwnlletli, in order to avoid 
so far as possible the confusion of new local names. Farther, it is 
not intended to describe the Valentian rocks in detail, hut rather 


^ 0. T. Jones & W, J. Pugh, Q. J. G. S. vol. Ixxi (1915-10) p. 34:L 



io give some account of the Upper Ordovician rocks, concerning 
which, ill tliis area, wo have so far comparath'ely little information. 

Most of the important slate that is quarried in this area occurs 
in the Ordovician : accordingly, to various jiarts of the LT^pper 
Ordovician local names liavo been applied, and it is proposed in 
this ]jiiper to retain those names so far as ])Ossible. 

Tlie aj*ea may he regarded as eoiistituting ]jart of the south- 
eastern Hank of the llariech Dome. The beds strike approximately 
from south-west to north-east, and dip steeply south-eastwards. 

The area is traversed by a series of antielines and synclines, the 
axes of wliicli are transverse to the general direction of strike, and 
trend approximately north-north-east and south-south- west, in 
some pjlaces, indeed, jiractically north and south. A conspicuous 
soutliward jiitch is noted tliroughoiit the region described. 

There is coinpai’ativoly little faulting, excojit in the neighhoiu’- 
hood of the great Tal-y-llyii or Bala Fault. ITere the mapping of 
the upper margin of the A^olcanic rocks has revealed sev^eral faults 
ranging ajiproximately parallel to the T\il-y-llyn Fault. The 
northern part of the area is afFected by tninsN'erse faults of com- 
paratively small eftect, which trend north-west and south-east, and 
apparently die out south-eastwards. Southwards the only impor- 
tant £a\dt is that which runs parallel to the strike at Aberllefeniii. 

The rocks of the area are aftected by a powerful cleavage, which 
is approximately ])arallel to the strike of the beds. Generally, the 
cleavage is vertical or very steeply inclined south-eastwards ; hut 
the inclination of the cleavage-planes diminishes somewhat as the 
margin of the volcanic rocks is approached, though it is still as 
much as 60" to the south-east. The diminution in the inclination 
of the cleavage-planes is generally accom 2 )anied by a diminution in 
the di25 of the beds. 

IV, DETAILJil) DesCEIPTIOK OF THE EeES. 

Llaxideilo. 

Craig y Liam Grou}:). — The highest volcanic rocks of the 
Ordovician in this ai’ea are 2 :>artieulaiiy well exi^osed in the great 
bluff on the south side of the Tal-y-llyn A^alley called Craig y 
Liam, and also on the north-western slo 2 :>es of Mynydd y Waun 
and Mynydd Ceiswyn. They have been called by Prof. A. H. Cox 
& Mr. A, K. Wells Hhe tJ]:)per Acid Craig y Liam Series.’ 
They consist of rhyolitic ashes and lavas, which weather to a 
greyish-white. 

For the 23urpose of this pai^er, T have only examined the vulcanic 
rocks immediately undei'lying the Ceiswyn Bods ; but it is stated 
that the grou2) as a whole is about 900 to 1000 feet thick.^ 

The boundary between the volcanic rocks and the overlying 
sedimentary rocks is sharp and abrupt, and can be mai^ped accu- 
rately. The junction is well exposed in several localities : as, for 

1 A. H. Cox & A. K. Wells, Eer. Brit. Assoc. (Manchester) 1915, p. 424. 
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••• Gljtptog}'c(ptus j}C)'sciil ptus, etc. 


...iJiccllngrapfus ancops^ Ortho- 
f/rttptus O'uncatus var. ah~ 
hreuiatiis. 


--Trinuch'uSi Cyvlopytie, Christi- 
caiiat etc. 


...Dicranonrajitiia clinffam\ Diccllo- 
yraptits morrtsl, J^. [forcham- 
meri, etc. 


--Climacograptus sehurenhergi (?) . 


— QJgptograptus ter^ti-usculus (?)» 
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instance, at the Iieacl of the Llefeniii Valiev (north of Waun 
Llefenni), along* Nant y Benglog on Craig* y Liam, and in several 
]4aees on the north-western slopes of JVIynydd Ceiswyn. 

At the head of the Llefenni Valley is a continuous section in 
the sti’eam, from the volcanic rocks into the Ceiswyn Beds. There 
the highest volcanic rocks consist of well-bedded rhyolitic ashes 
which are overlain by dark-blue slaty mudstones. There are one 
or two thin bands of ashy mudstone a few feet above the main 
mass of the volcanic rocks : but these do not seem to be present 
in all sections which have been examined. !Near the junction a 
good deal of vein-quartz occurs commonly, and in the Llefenni 
section this appears to contain traces of lead. Vein-quartz con- 
taining lead is known to occur at this horizon in several other 
localities outside the area described in this paper, as, for example, 
north and north-west of Dinas Mawddwy. 

It may bo mentioned that the hLuiA^dd y Waun outcrop lies on 
the axis of a well-marked anticlinal structure whicli passes west of 
Corris, and has been traced for some distance soutli of that village 
int<^ the hfachynlleth area. 


Bala. 

Hengae Group. 

( 1 ) Ceiswyn Bed s. — Immediately overlying the highest Ordo- 
vician volcanic rocks is a great group of monotonous slaty mud- 
stones, gencrall}^ dark blue and greyish blue. It is a thick group 
which occiq^ies a considerable 2 ‘)ortion of tlie area described in this 
paper. 

The lower part consists of very dark-blue, higbl}’’ cleaved slates. 
These dark slates are not homogeneous in character, but are tra- 
versed by fine-grained gritty bands up to an inch or more in 
thickness. They have at various times been quarried for roofing- 
slates, but none of the quarries are at present working: for in- 
stance, the old quarries at the head of the Llefenni Valley and on 
Mynydd y Waun. 

These dark slates possess characteristic physical properties which 
distinguish them from all other slates in the ai’ea. They are 
highly cleaved, and split readily into thin sheets. Fresh cleavage- 
planes possess a silky lustre. Their economic value is somewhat 
diminished by the presence of numerous small joints, the thin 
gritty bands mentioned above, pyrite-cubes which are often 
numerous along the bedding-planes, and the presence in some 
localities of a characteristic wavy cleavage. 

I have searched these slates on several occasions for fossils ; but, 
so far, they have only yielded very imperfect!}’’ preserved traces of 
graptolites. One of these may possibly be Glyftogra>pUts ierefi- 
u&ctiluB ; the others are of the Diplograptid type, and are not 
capable of identification. The slates are so highly cleaved that 
they are difiicult to split along the bedding-planes. However, 
there is little doubt that they do contain graptolites and also lorms 
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capable o£ identification, for some years ago I saw sample slates 
from tills group, obtained from one of the quarries at the head of 
the lilefenni Yallev, which had fairly well-preserved graptolites on 
their edges. At that time, liowev^er, I had no facilities for exa- 
mining them in detail, and although subsequently, on various 
occasions, I have searched the actual quarry from which they were 
obtained, I have been unable to find the g’raptolite-heai’ing hand. 

Prof. Cox & Mr. Wells (Jiep. JBrit. Assoc. 1915, p. 425) record 
farther west Amx>lexofjvf(ptus arctiis and Glypto(jraj>fu^ ferpti- 
usculiis var. eur/Ii/pJms from the lowest beds of their Tal-y-llyn 
Mudstones, and I have little doubt that these fossils occur on 
much the same horizon as the slaty beds descj-ibed above. They 
state, therefore, that these forms indicate ‘ a high lioi’izon in 

the Glenkiln or, in other woj-ds, a low horizon in the Caradocian.’ 

This dark slaty scides is succeeded hy the main mass of the 
Ceiswyn Beds. The cleavage in the higher beds is not generally 
so conspicuously developed as in the lower, nor are the bods so 
dark. They are giwisli-blue slat}^ mudstones, with gritty bands 
up to an inch or more in thickness. Some parts of the group 
present a handed appearance, owing to alternation of paler and 
darker mudstones. Pjudte-cubes occur commonly along the 
hedding-iDlanes. The greater part of the group possesses a pale 
yellowish-brown weathoidng, except the highest beds underlying 
the Nod Glas, which commonly show a well-marked rListy-l)rown 
weathering. It may be mentioned incidentally that some parts 
of the Ceisw 3 m Beds have lithological characters similar to parts 
of the Upper Valentian or Tarannon rocks of Central Wales. 

It appears inq^ossible to sepamte this group of mudstones into 
subdivisions that are capable of being mapped with nii\' degree 
of accuracy". The slight lithological ditferenees which charaetei'ize 
difEerent pai’ts of the Ceiswyn Beds merge one into the other so 
insensihl^^ that they afford little or no assistance in surveying. 
The dark slat\'' grou]) at the base might be mapped in a general 
wav ; but its upper limit is ver\^ indefinite. 

The Oeisw^ui Beds are well exposed throughout the area ; but 
two sectihns, in particular, may be mentioned as affording good 
continuous exposures — the Llefenni Valley from Cambergi to the 
Junction with the volcanic rocks, and the line of crags on FtVidd 
New 3 ’’dd, on the west side of the Ceiswjm Valle\q in which all the 
beds from the black graptolitic shales'of the Nod Glas to nearh- 
the base of the group are well exposed, 

I have several time.s worked through stream and other sections in 
this group, but have so far failed to find any fossils, except some 
imperfectly-preserved graptolites at one point in the Ffridd 
New^J’dd Crags. From tlie latter .spot, I have obtained badl^^- 
preserved specimens, all of which may probably he refeiTed to the 
species Qlimctcograpf}(s sehiirenhergi Lapwoit)!!. These graptolites 
occur about 1500 feet below the Nod Glas, in mther dark shales 
with rusty weathering tints. 

The Ceiswyn Beds as a whole look unpromising from the point 
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of view of fossils, and, if graptolites do occur in any abundance, it 
appears ])robal)lc that they are confined to thin bands which, so 
far, I have been unable to find. 

The total thickness of the ])eds is estimated to be nearly 4000 feet, 
and the dark slaty group at the base about 200 feet. The group is 
somewliat thinner than might be expected from the area which it 
covers, owing to a certain amount of minor folding and rolling, 
so that beds on the same horizon may be repeated in any given 
section. 

(2) Nod Gllas. — The monotonous slaty mudstones of the 
Ceiswyn Beds are succeeded at once by coal-black shales and mud- 
stones. In some localities they are very liigbly-eleaved papery 
shales, in others they i^ossess a tough, bloeky mudstone character. 
These black sliales are traversed by numerous joint-planes. They 
weather to a pronounced rusty colour, and arc strongly pyritous. 

It is a well-known band among local qiiarrymen, because of its 
liighl}^ cliaraeteristie lithological eburacters, and because it marks 
the lower limit of the slate-hearing rocks whieli are commonly 
worked in this countrv. It is called by them the Nod Glas 
(=Blue Mark). 

This black shale-hand, which is about 70 feet thick, makes a 
very clitiraeteristie hollow between the harder Ceiswyn Beds and 
the mottled Abercwnieiddaw Mudstones above. This liollow is 
well marked throughout the area, and enables one to trace the 
position of the hand, where it is not exposed, without difficulty 
(see llg. 2, p. o22). 

Because of its comparatively soft character, it is not commonly 
well exposed, exee 2 :)t in occasional stream-sections. The beds of 
such streams flowing over the Nod Glas are often stained a red- 
dish brown, and large blocks of breccia may be found in the 
streams, consisting of weathered fragments of the black shale, 
cemented into a hard mass by ferruginous material. 

The two best exposures in the area are (1) in the small stream 
immediately west of Batgoed ChajDel, in the Ceiswyn Valley and 
called locally Nant yr aur, although this name is not recorded on 
any of the Ordnance Survey maps; (2) on the south-west side of 
Craig TIengao, where a small unnamed stream cascades down the 
steep valle^^- slope into the river Llefenni. In both cases the small 
streams flow for some distance along the outcrop of the Nod Glas, 
and the hand is fairly well exposed. There are also sevex’al smaller 
exposures : for instance, in Nant Cwineiddaw, north of Corris. 

In several localities there ai>peai'B to be evidence of movement 
along this shale-band, resulting in the shattering of the rock, etc. 
North-west of Corris the outcrop of the overlying A here wmeiddaw 
Mixdstones is comparatively narrow, and this may be due to strike- 
faulting along the general line of the Nod Glas. If such a 
strike-fjiult does exist, it may possibly be the continuation of the 
Aberllefenni strike-fault, which has been proved on the north-east. 

This black shale-band is very fossiliferous, and graptolites are 



extremely abundant, some of the bedding- planes being covered with 
DicelJograpfi and CliQnacofjrapti. These grai^tolites are, however, 
commonly distorted, and not very well preserved. It is «i curious 
fact that such a characteristic band should have escaped the 
attention of earlier investigators in the area. 

Graptolites are most easily obtained from the !Nant yr aur and 
Craig Hengae exposures. From the former I have collected fairly 
well-preserved specimens of ; •— 

D icellograptua forchammeri Geinitz, Climacograjptus tnhiilifervs Lap- 

Dicellogra'ptus morrisi Hopkinson. worth. 

Dicranograjptus clingani C&vxvLthevfi. Orthograpf us calrnrafus var. hasilU 

Glimacograi^tus minimus (Oarruthers). cms Lapwortli. 

Climacograptus scalaris var. wisem- Orthograp>tus trunccitus var. socialis 

hilis Elies & Wood. Lapworth. 

CUmacogmpt'us styloid eus Lap- Orthogmptus sp. 

worth. Ghjptogroptus (?J. 

Mr. G. J, Williams informs me that he has found JPIefjwafo^ 
graphts nehiila Files & Wood in this locality. 

From Craig Hengae I have obtained : — 

Dicrauogi'aptus clingani Camithers. ; Climacogra^yUis styloLdeus Lap- 
Dicranogmptus ef. clingani Car- worth. 

ruthers. Orthograptus of. quad rimucronatus 

Hall. 

In addition to these graptolites, I have collected from exposures 
a short distance north-east of the area at present described 
OrthograpHts quaclrimuerojinins (Hall) and O. trnncnfxm var. 
panperatns Elies <fc Wood. 

The most abundant graptolites are the Dicenoc/rapl i and the 
Climacograpiu particularly Olimacograpfns minitmis, Specimens 
of Dicranograptxis are relatively rare, and, although they belong 
in all probability to the species D, clingani, they are small and 
dwarfed forms. 

The general aspect of the fauna seems to indicate that of the 
zone of Dicranograptus clingani ; but there are several forms 
which suggest also the higher horizon of l^le^irograptus linearis. 
The specimens of Dicellograpfns appear to occur most abundantly 
towards the top of the black shales. At a slightly lower horizon 
the bedding -planes may be crowded with Cliniacoarapii i for in- 
stance, Climacograpfm minimus* while the black shales which 
contain Dicranopniptus are probably at a somewhat lower horizon 
still. It is possible that there are different levels within this black 
shale-band, which may be characterized by somewhat different 
assemblages of graptolites, although, so far, I have not been able 
to investigate this in detail. The rocks are highly cleaved, and, in 
many cases, it is difHeult to extiuct recognizable forms. 

It is i^ossible, therefore, that the Nod Glas may actually represent 
the junction between the zones of Dicranograpfus clingani arid 
Bleurograptus linearis, or indeed that the very highest layers of 
the black shale may belong to the latter zone, 
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Abei’cwmeiddaw Group. 

The Nod Glas is sueeeeded at once by a group of mudstones 
possessing very characteristic lithological and faunal features. 
They consist of jpale greyish>blue, thicklj^ bedded mudstones,, 
rather paler than aii}^ of the other Upper Ordovician roc*ks in 
this area. They are esi^eciaily characterized by a coarse mottling, 
consisting of large dark patches which measure as much as an 
inch in diameter, and are irregular in outline. At some horizons, 
particularly in the lower part of the group, calcareous nodules, 
are fairly abundant, and the group as a wliole appears to become 
rather more calcareous as it is traced along its outcrop from 
south-west to north-east. 

Locally, parts of the group lose the mottled character, and pass 
into well-cleaved gre^dsh-blue slates. These somewhat irregular 
slate-bands, which are commonest in the lower part of the grou}j, 
have been worked in several places for slates and slabs : as, for 
instance, at the Aberewmeiddaw and Cambergi Quarries. They 
cleave well, and often make good roofing-slates or may be sawn 
into large slabs. These slates may readily be distinguished from 
the other slates quarried in the area by their comparatively 
light grej’- colour and their texture. The slates in this gi’oup is 
called the Broad Vein (Y Faeii lydan) by the local quarry me ii;^ 
although the slate quarried is not everywhere on exactly the same 
horizon. 

This group of mudstones, which weathers brown, is well exposed 
throughout the area, and generally gives rise to somewhat rough, 
craggy ground. In some places there are large quarries, par- 
ticularly in the lower part of the gi’oup : as, for instance, the 
Aberewmeiddaw and Cambergi Quandes already mentioned. In 
addition, there are numerous smaller trial-quarries : for example,. 
Gwm-dylluan Quarry, and on the south side of the Ceiswyit 
valley, etc. 

The Aberewmeiddaw Group contains only shelly fossils, so far 
as I am aware ; but they are somewhat rare in the Corris-Aber- 
llefenni area. It is difficult to extract recognizable fossils from 
the rocks in situ, because the mudstones are tough and split with 
difficult^’’ along the bedding-planes. In addition, the fossils are 
scarcely distinguishable on freshly broken pieces, possessing (as- 
they do) the same general colour as the matrix in which they are 
preserved. On weathered fragments and in the tips from the 
quarries in the gi'oup, on the other hand, fossils ai'e more readily 
distinguished, and weather to a conspicuous brown colour. 

There is little doubt that the group, as a whole, is more fossili- 
ferous in the lower part. At the same time, it should be remem- 
bered that most of the quarries and trial- workings are situated in 
the lower part, and it is from these only that I have been able to 
obtain fossils. The upper part is well exposed in numerous emg- 
and stream-sections ; but it has not yielded any fossils capable of 
identification. 

Q. J. a. S. No, 316. 2 K 
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The most important locality for fossils is the Abercwmeiddaw 
Quarry, where the following forms have been obtained : — 

Christiania tenuicincta Cyclopyge (?J sp. (eyes). 

Orthis sp. Harpes sp. 

Plectamhonites seHceaj of. var. alhida Trinucleus albiclus Reed. 

Eeed. Trinucleus of. alhidus Reed, 

Cyclopyge rediviva (Barrande). Trinucleus sp. 

Cyclopyge amiata (Barrande). 

The Abei’cwmeiddaw Quarry is about 400 feet above the l^^'od 

alas. 

From the Cambergi Quarry the following have been collected: — 

Braohiopod indeterminate (? Zygo- Cyclopyge siibarmata Reed. 

spira). Harpes sp. 

Large Asaphid. Trinticleus of. concentricus Eaton. 

The Cambergi Quarry is about 200 to 250 feet above the Nod 

alas. 

From an old trial-level on the south side of the Ceiswyn Vallejo, 
about 300 to 400 feet above the Nod alas, the following have been 
obtained : — 

Asapbid sp. (?A. radiaius). 1 THoiucleus of. concentriciis Eaton.’ 

Cyclopyge (?) sp. (eye). I THnucleus alhidus Reed. 

JIarpes sp. 1 THnucleus sp. 

From the mudstones on the north side of the Llefenni yalle}”, 
I have obtained a large Asaphid, CJiristiania temdcincfa (M.‘Coy), 
crinoid-stems, and a fragment of an indeterminate trilobite. The 
horizon of these fossils is more difficult to determine, but it lies 
at a maximum of probably not more than 600 feet above the 
Nod alas. 

The most abundant specimens are those of Trlmcoleus ; in many 
cases, however, it is impossible to make a specific identification, 
owing to the fragmentary nature of the material. Trilobite-eves 
belonging probably to species of Cyolopyge are also fairly common ; 
but the main intei'est of the fauna lies in the discovery of no less 
than three species of Cyclopyge, The fauna recalls at once that 
of the Dionide Band in the Upper Whitehouse Group at Girvan,^ 
where the band is associated with the graptolite-shales of the 
Dicellograptiis-comp lanatm Zone. 

The Abercwmeiddaw Mudstones are about 1500 feet thick, 

Abercorris Group. 

(1) KedVei n. — The mottled mudstones of the Aberc wmeidda w 
Group are succeeded by a group of mudstones about 350 feet 
thick, with a well-marked rusty weathering. These mudstones 
are tough, dark- blue, and blocky; when highly cleaved and well 
weathered, they are often difficult to distinguish lithologically 
fmm the Cwmere Group or Lower Birkhill rocks of this area. 

^ G. Lapworth, Q. J. G, S, vol. xxxviii (1882) p. 588. 
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There are two bands within these rusty- weathering mudstones 
wliieh are somewhat harder than the rest of the Ked A^ein, and 
they often stand out, making %vell-marked features : as, for examj^le, 
wliere the lied Vein crosses Foel Croclian. north of Aberllefenni 
(see hg. 2, p. 522). These harder bands are genemlly mottled, like 
the Abercwmeiddaw Mudstones which underlie them. 

The mudstones are called the Ked A"ein (Y Faen goeh) by the 
local quarrymen, because of their rusty-red weathering. They are 
well exjDOsed in a number of places, and may be examined in detail 
at the Abercorris, Aberllefenni, and llatgoed Quarries, as also in 
the Ceiswyn stream, etc. 

At the Abercorris Quarries the}^ yield abundantly, about the 
middle of the group, Ortho^tvipfus truneatiis var. abhrf?viatus 
Files & AVood and Qliinacopf rapt us scalaris var. miserctbilis F.ct AV. 
The same forms may be collected in the llatgoed Quarries, at 
aj)proximatel 3 ’^ the same horizon. 

The lied Vein is also well exposed in the Ceiswyn stream, and 
here I have collected several specimens of Dicellograptiis auceps 
liieholson and Glimacograptiis scalarls var. miserabilis. This 
hand with Dicellog raj) tics auceps is, I believe, at a slightly higher 
horizon than that which yields Ort hog rapt its t runout its var. (ch- 
hreviatus in such abundance at the Abercorris Quarries and 
elsewhere. 

The most abundant graptolite is Orthograptus truncafiis var. 
ahbreviafus. It is generally very well preserved in full relief, and 
is extremely abundant in most localities where these beds are 
exposed. Specimens of Dicellograptiis auceps are comparatively 
rare, and may be confined possibly to a narrow shale-band within 
the group. This clearly corresjDonds to the Zone of Dicellograptus 
anceps, 

(2) IN'arrow Vein. — The lied Vein is succeeded by a compara- 
tively thin bed of dark- blue homogeneous mudstone, which is 
locally called the Narrow A'ein (Y Faen gul). This band 
of mudstone is well cleaved, and constitutes the most imi:)ortant 
slate- bed in the Corris area. It is practically a pure, clean slate, 
remarkably free from pyrites, etc. 

The outcrop of this slate-bed is not difficult to follow over the 
greater part of the area, on account of the numerous quarries which 
are located on it. Beginning in the south-west, it is exposed almost 
continuously from the Ty’n-y-berth Quai*ries, through Ty’n-y- 
ceunant Quarry into the Braich-goch Quarries, and thence into 
the Gaewern Quarries, across the Afen Deri to the Abercorris 
Quarries, From the last-named point, the band trends in a 
general north-easterly direction across Mynydd Abercorris and 
<}odre Fynydd, until it is again well exposed in the Aberllefenni 
Quarries on both sides of the Llefenni Valley. Thence it crosses 
over Foel Crochan, and is exposed once more in the Oymerau 
and llatgoed Quarries in the north-eastern j)art of the area 
described. 


2x2 




3=:Abei'cwmeiddaw Jieds (greyish-blue mudstones, coarse motiiiug;. 

4=Eed Vein (rusty-weatiering shales, mth harder mottled mndstones in hands 4' & 4"), 

5=Narrow Vein (dark-hlae slate-hand). fi^Samedd-Tren Beds (gritty mndstones, ■ffitii prominent giit-hand O'). 
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The upjjer and lower limits of this slate-band (or, as the quarry- 
men term them, the ‘top slip’ and ‘bottom sli]?’) are, in nearly 
every case, very Avell dehned. The lower limit is clearly marked 
ofp by its contact with the somewhat i*ubbly, rusty-weathering 
mudstones of the Eed Vein ; while the top of the slate-band ends 
oif abruptly against the grits and gi'itty mudstones of the Garnedd- 
wen Beds. At Aberllefenni particularly, the slate-band terminates 
against a massive grit-band quite abrujjtly. The slate is stripped 
offc* this grit-band, and the latter then constitutes a good roof ’ in 
underground workings. North-east of Aberllefenni Quarries (for 
instance, at Eatgoed, where the slate-band is overlain by mud- 
.stones), the upper limit is perhaps not cajDable of sucli precise 
detinition as fai'ther south ; but, even then, there is a well-marked 
lithological change Avithin a few feet. However, in practically all 
the quarries, the full width of the slate has been worked, and the 
band is correspondingly Avell exposed. 

■ There seems to be little doubt that the physical eharaetors of 
the Narrow Vein vaiy from j^oint to point and within compara- 
tiveh'' short distances, although such changes cannot he observed in 
hand-specimens. These changes have important elfects upon the 
economic A^alue of the slates and slabs obtained from it. One of 
tlie chief difficulties against which quarry -oAvners ha\"e to contend, 
is the tendency for slabs to ‘pillar’ — that is, to split at right angles 
to the cleavage and in directions opposed to the jointing. Slabs 
from some quarries, even in this eoiiij)aratively narroAv slate-band, 
a])pear to ‘ pillar ’ more readily than those obtained from others, 
even Avhen the quarries are sepamted by quite a short distance. 
In fact, I believe, slabs obtained from difi'erent jxirts of the same 
<]uarry have somewhat different physical properties. The tendency 
to ‘ pillar ’ is especially noticeable AAdien the slabs are exposed to 
tlic atmosphere for some time, or experience sudden changes of 
teinj)erature. The exact cause of ‘ pillaring,’ etc. is, so far as I am 
aware, at present imperfectly understood. 

In addition to rooting-slates, the Narrow Vein yields large slabs 
of excellent qualit3’', Avhich are marketed for a vaifety of purposes ; 
as, for example, billiard-tables, brewing-vats, electric sAviteli- 
boards, etc. 

The band is about 50 to 60 feet thick, sometimes i*ather less 
than that amount : for instance, in the Gaewern Quarry. 

I have not obtained any fossils from the Narrow Vein, but 
Mr. G. J. Williams has collected OrtJioceras peranmdatum from 
the Braich-goch Quandes and I^Jiacojps sp. from the Cymerau 
Quarries. 

(3) Garnedd-Aven Bed s. — These beds succeed tlie NarroAv 
Vein conformably ; they consist of dark-blue micaceous mud- 
stones, often sandy or gritty, and contain subordinate bands of 
massive grit. 

The mudstones possess very marked lithological chameters, and 
may readily be distinguished from all other sedimentary types 
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in tlie area. They weather to a dull bronze in most exposures. 
They are veiy imperfectly cleaved, and appear to possess a rougti 
double cleavage which causes them to split into lenticular or 
phaeoidal pieces with rather sharp edges. Within a very short 
distance they may become quite arenaceous, and develop definite 
grit-bands. In otlier places they contain large isolated masses of 
grit and gritty mudstone, which are boulder-like in shape, and give 
to the rock a peculiar gnarled or ^ pillowy ’ appearance. 

At certain horizons well-marked grit-bands are developed, which 
are capable of being mapi^ed. The grit-bands may, however, 
(piite suddenly pass into gritty mudstones, which are indistinguish- 
able from the group as a whole. Further, there is reason to belie \’e 
that these thick grit-hands do not in all cases maintain a constant 
strati graphical position ; and, on account of this, together with 
their variation in thickness and lateral cliaiigo, it is doubtful 
whether ai^y useful purpose would be served by mapping them in 
detail. In certain places, however, they assist in the elucidation 
of the geological structure. 

Another soxnewhat remarkable chai’aeteristic of these grit-bands 
is worthy of mention. Not only may they pass quite suddenly 
into gritt}^ mudstones, indistinguishable from the group as a whole, 
hut they may within a few feet pass into massive conglomerates. 
These conglomeratic bands are quite local in their distribution, 
and are particularly well shown on Mjmydd Abereorris, as also on 
the south side of the Llefenni Valley. They are several feet thick, 
and consist of well-rounded pebbles in a mudstone or gritty mud- 
stone matrix. The pebbles may be as much as 5 to 0 inches in 
diameter, and are composed mainly of vein-quartz, with occasional 
gritty and quartzitic pebbles. These quartzose conglomerates 
crop out in irregular patches about the middle of the Garnedd-weu 
Beds. 

Generally speaking, there ai'e two fairly well-marked grit- 
horizons : one about the middle of the group (for instance, south of 
Corris, about 1000 feet below the base of the Valentian) ; and one 
a little distance above, or immediately above, the Narrow Vein. 

The grits may be examined practically anywhere on the outcrop 
of the group ; but two typical localities may be cited : — 

(I) South of Corns on Mynydd Braich-goch and Bryn Llwyd, 
a thick grit-band occux's about the middle of the Garnedd-Aven 
Beds. Owing to its superior hardness, it makes a well-marked 
feature, and its outcrop may be traced for a considerable distance. 
It consists of a hard quartzose grit, and immediately south of 
Corris the outcrop makes a sharp V as it crosses the axis of the 
Corris Anticline. In several places the grit-band is veined with 
quartz in all directions, 

( 2) On Foel Crochan, north of Aberllefenni, the Narrow Vein 
is overlain by a massive grit-band about 100 feet thick, which 
makes a conspicuous feature as it crosses over the ridge from the 
Llefenni Valley into the Ceiswyn Valley. 

One of the most remarkable features of the Garnedd-wen Beds 
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is their attenuation as they are traced from south-west to north- 
east. In the south-west, on the margin of the area described, they 
are about 2000 feet thick. At Corris itself they are probably 
about 1800 feet, and immediately noi*th of Garnedd-wen Station 
about 1400 to 1500 feet thick. K'orth-east of Aberllefenni the 
diminution in thickness is very marked. At Cyinerau they are 
about 650 feet thick, while on the extreme eastern margin of the 
area described they are not more than 500 feet thick. The 
Garnedd-wen Beds, therefore, diminish in thickness from about 
2000 to 500 feet in a distance of little more than 6 miles along 
the strike. 

This diminution in thickness is accompanied by a loss of 
arenaceous material. In the eastern part of the area, from Cymerau 
to Ratgoed, the Garnedd-wen Beds are almost exclusively" a mud- 
stone group with no conspicuous grit-bands. A x^articularly good 
example of this loss of arenaceous material is seen in the Ceiswyn 
Valley. From Aberllefenni OA^er Foel Crochan, the Narrow Vein 
is overlain by the conspicuous massive grit already mentioned. 
This grit-band is maintained on the north side of Foel Crochan ; 
Imt, almost immediately after crossing the Ceiswyn stream, it dies 
out quite suddenly, and the Narrow Vein is overlain by a very 
characteristic group of dark-blue mudstones, Aveathering to a pale 
lu-OAvn. These mudstones are traversed by thin iiTegular seams of 
greyish siliceous material. These siliceous seams have a distinct 
current-bedded appearance, and a chameteristic contorted or ‘curled’ 
bedding. Weathered fragments give concenti’ic AA^eathering tints. 
These mudstones with siliceous seams OA^eidying the NarroAV Vein 
are well knoAvn to the local quarrymen, by Avhom they are 
appropriately called the ‘ ribbony rock 

The mudstones, gritty mudstones, gilts, and conglomeratic bands 
of the Garnedd-Aven Beds in the Corris-Aberllefenni area are 
precisely similar to the Oi'dovician rocks which crop out in the 
crests of anticlines and occupy such considerable areas in the 
northern part of Central Wales.^ 

No fossils haA"e been found in these beds in the Corris-Aberllefenni 
area ; hut north- east waixis in the Dinas MawddAvy country, I 
haA"e collected specimens of JE^liacops mticronafus from the 
loAvest beds of the Garnedd-wen mudstones, immediately OA^erlying 
the NarroAV Vein. 

Valentian. 

Pont Erwyd Stage. 

CAvmere Group. — -As at Machynlleth, this group consists of 
dark -blue shales, with subordinate siliceous bands and an occasional 
band of grit. The gi*oup is especially characterized ,by its 
pronounced rusty weathering, which serves to distinguish it from 

1 O. T. Jones & W. J. Pngh, Q. J.G.S. vol. Ixxi (1915-^16) p. 347; O. T. 
Jones, ihid» vol. Ixv (1909) p. 468 ; and id. Special Beports on the Mineral 
Besources of Great Britain: vol. xx — Lead & Zinc, Mem. Geol. Surv. 1922, 



Kg. Z,— General section from Mynifdd y Warn to Faiit Llwifdiarth, showing the relations of the rock-groups 

on the scale ofS inches to the mile. 



l=Craigy Dam Tolcanic group. 2=CekTV3Ti Beds. 3=NodGlas. 4=AbercwmeiddaTir Group. 5=EedVein. 
6=l{airroTr Tein. 7=Gai'nedd-wen Beds. 8=Cffmere Group (udth 8', zone of Glyptograptiis prscidiim). 
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all otlier rocks in the area, except possibly the lied Vein of* the 
Upper Ordovician. . From the latter, it may be distinguished 
lithologicalljj- by its more s]ial 3 ' character, rather more pronounced 
rusty weathering, and absence of a coarse mottling which occurs in 
parts of the Fed Vein. In the Corris area the rocks of the Cwiiiere 
(Iroup are veiy highly cleaved, and graptolites are extreniel;s' 
ditiicult to extract in a state capable of identification. 

The base of the Cwmere Group is marked by the zone of 

^ptog rapt m ‘pei'sculpt Its ^ or, as it has been called, the ‘Mottled 
Beds This zone maintains all the characters which have been 
described in the area farther south, and the band lias been, in the 
Corris- Aberllefenni area, as throughout much of Central AVales, a 
valuable guide in deciphering the geological structure. For that 
reason, it has been mapped right through from Machynlleth into 
the Corris area, and for some miles north-east and east of the area 
at present described. 

The zone consists of compact dark-blue mudstones, in which 
paler bands occur. These paler bands are characterized by a 
small irregular mottling. It has already been observed that the 
Abercwmeiddaw Mudstones and part of the Bed Vein are mottled ; 
but the character of the mottling is quite diiferent, and there is 
no difficulty in distinguishing even small hand-specimens. The 
mottling in the case of the Ordovician rocks is much coarser, the 
blotches are much larger, and they are not confined to paler 
bands within a dark mudstone group. The actual chanicter of the 
mudstone and the weathering tints are distinct in each case. 

Throughout the area, the zone of Glgptog rap fits 
rests with apparent conformity on the Garnedd-wen Beds. There 
is an abrupt change in lithology at the junction, and it is this 
lithological change which makes the zone so valuable from the 
point of view of surveying. 

In describing the Machynlleth area, Prof. O. T. Jones and I 
made the following statement : — 

‘ It is significant also that, in contrast with the constancy of character 
which distinguishes the Mottled Beds, the strata upon which they rest exhibit 
considerable variation from locality to locality. In the absence of fossili- 
ferous horizons, it is not possible to decide whether this is due to the vari- 
ability of the underlying group, or to an overstep of the Mottled Beds on to 
different horizons of the older beds ’ (Q. J. G. S. vol. Ixxi, 1915-16, p, 351). 

Since that statement was made, the Mottled Beds, together with 
the next underlying fossiliferous horizon : namely, the Bed Vein, 
with DicellograptuB anceps and Ortliogi'aptiis truncatus var. 
ahhreviatus, have been mapped over a considerable pai*t of the 
ai'ea fi’om Machynlleth through Corris to Dinas Mawddwy, a 
distance of some 15 to 16 miles. The top of the Bed Vein passes 
into the BTarrow Vein, which is another datum-line capable of 
accui^ate mapping, and has been traced continuously from west of 
Cox'ris to Dinas Mawddwy. 

The strata upon which the Mottled Beds rest do undoubtedly 
axhibit variation from locality to locality ; but the Mottled Beds 
do not overstep on to different horizons of the older beds. The 
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variability in the character of the strata immediately tinderlyin^- 
the Mottled Beds is considered to be due to actual lithological 
variation within the underlying group, evidence of Avhich has 
already been given when describing the Garnedd-wen Beds. The 
latter thin out so rapidly from south-west to north-east in the 
Oorris area, that it might be supj)Osed that still farther away to 
the north-east the Mottled Beds might actually overstep on 
to the beds Avith DiceUograpius ancei>s. An examination of a 
somewhat larger area than that at present described lends no 
support to the supposition ; on the contrary, the diminution iti 
thickness is due to a loss of arenaceous material as the Garnedd- 
Aven Beds are traced north- east Avards and eastAvards. 

It is considered, therefore, that in the Corris area the Mottled 
Beds lie conformably on the OrdoAUcian rocks ; but there is an 
abrupt change in the lithological characters, Avhich indicates some 
distinct change of physical conditions preceding the formation of 
the Mottled Beds. 

These beds are Avell exposed in a number of places : as, for 
example, in the old quarries at Taren y Gesail, where x^i’actieally 
the AA'hole thickness of the zone is exposed, on the nose of the 
Corris Anticline near Cwm Cadiaii, in the tw’-o small streams Avhich 
di’ain into the River Bulas south of Corris, near Trem-afon, 
(north of Garnedd-wen Station), in the lli\^er Dulas (east of 
Aberllefenni), etc. 

The actual junction of the Garnedd-wen Beds and the Mottled 
Beds is not commonly well ex^JOsed in the Corris area ; but it may 
be observed in N'ant y Goedwig and in the unnamed stream Avhich 
I’uns past the Vicai'age, south of Corris Tillage. In both these 
localities, and at seveml jdaces south-Avestwards as far as Taren y 
Gesail, the toj) of the Garnedd-Aven Beds consists of a prominent 
grit-hand about 10 to 12 inches thick : as, for example, at Cwm 
Cadian and in the old level on Taren Cadian. The rocks im- 
mediately below this grit-band often consist of alternating thin 
gritty and dark mudstone layers Avith a characteristic undulating- 
bedding, which imparts to them a ‘ waA^y ’ apx)earance. 

The junction of Ordovician and Silurian may be seen AAuthin a 
foot or so in seA’-eral places noi*th-east of Corris, as, for examjjle, 
in the Afon Dulas, where it is joined by the Afon iNTeiriau (east 
of Aberllefenni), etc. This locality is one AA^here the actual 
contact between the Mottled Beds and the Gaimedd-Aven Beds 
might be examined in detail under favoumble conditions. 

In the small unnamed stream south of Cori’is, mentioned aboA^e, 
there is exposed a thin dark shale-band Avith a pronounced rusty 
AA-eathering, about 1 inch thick, and about 2 feet above the base 
of the Mottled Beds. This thin band exhibits the peculiar litho- 
logical characters of the band described at Machynlleth, at the 
same horizon. It breaks up into thin brittle pieces, and is very 
much Aveathei-ed etc. In this locality at Corris it has yielded : — 

Glyptograptvs persculptits Salter, Climacograptus scdlaris var. 

Mesogrccptiis modest ns -var, pnrvvlns miserahilis Elies & Wood. 

(H. Lapworth), Climacogriip^tus scalar^s var. 

normalis I^pworth. 
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The thickness o£ the Mottled Beds is about 30 to 35 feet, 
although in some places in the Corris area they appear to be rather 
tliinner ; as, for instance, in Nant y Goedwig, in the unnamed 
stream near the Vicarage, south of Corris. and between Corris 
and Abeiilefenni. In these localities they appear to be not more 
tlian 20 feet thick; but north-east of Aberllefenni the 3 ’ regain 
their normal thickness. 

The Mottled Beds are overlain b^' rusty- weathering shales closeU' 
similar to those ex^^osed in the Maeh\mlleth area, and the^" 
doubtless oorresiDond to the zone of Diplof/raptiis acitminatns and 
the JMonograptus spp. Beds as defined in the latter area. 

The\^ have not been examined in detail, and even fairty well- 
-preserved graptolites are difficult to extract. The^’ are higbty 
cleaved : the cleavage-planes being practicalty vertical, while the 
bedding-planes intersect the cleavage-planes at an acute angle. 
In all their lithological characters thej’’ appear to be preciseh" 
similar to the corres]ponding beds described farther south. 

From the old quarries in these beds at Taren \ Gesail the 
f(pllowing graptolites have been obtained : — 


Climacograiitvs scalari^ (Hising-er) ' 
senau lato, 

Climacogmptvs fornqvisti Elies & 
Wood. 

Glyptogmpttis tnmariaciis Nicholson. [ 
Orthoympiutt niutabilis Elies & 
Wood. 


Petalograptus palmeuis (Barrande). 
Dimorphograptiis coiifertiis var. 

8wan8to7ii (Lapworth). 
Monogmptus communis (Lapworth). 
M. concinnus (?) Lapworth. 

Jf. acinaces Tornqxiist. 

M, triangulatus (Harkness). 


From NTant y Goedwig ; — 

Climaeogmptiis fornguisti Elies & 
Wood. 

Glyptograptiis iamariscns Nicholson. 
Moiiogmptns acinaces Tornquist. 


Monogmptus 7'egulans Tornquist. 
M. Sanderson i Lapworth. 

M. tnangnlatns (Harkness). 


From the old quany in the Dulas Valle}^ immediately’’ north-east 
of Corris : — 


Climacograptus scalar is (Hisinger) 
sensn lato. 

j\Xonogrn 2 '>tus concin nus (?) Lapworth. 

From Nant Llwydiai’th near 
fenni : — 

Climacograptus hnghesi (Nicholson), 
Climacograptus scalaris var. wor- 
malis Lapworth- 

Climacograpius tornquisti Elies & 
Wood. 

Glyptograptiis tamaiHscus Nicholson. 
Monograptus atavus Jones. 

M. communis (Lapworth). 

M. communis var. rostraius Elies & 
Wood. 

The thickness of the Cwmere 


I Monograptus acinaces Tornquist. 

Orthograpius mufabilis Elies & 

1 Wood. 

Cymerau, iiorth-east of Aberlle- 

Monograptusconcinnus (?) Lapworth, 
M. cyphus Lapworth. 

M. jimhriatus (Nicholson). 

M. gemmatus (Barrande). 

M. gregarius Lapworth. 

M. incommodus (?) Tornquist. 

M. raitzhainiensis (Eisel). 

M. revolutus var. austerus Torn- 
quist. 

M. sandevsoni Lapworth. 

M. triangulatus (Harkness). 

rroup is about 300 to 350 feet. 
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Derwen Grroup. — As at Machynlleth, the rusty- weatherini*- 
shales of the Cwmere Group are overlain hy a characteristic groujj 
of pale-grey uiudstones, with comparatively thin dark shale-bands 
which yield graptolites. The change in lithology takes place at 
the base of the zone of H^Iesograptiis mar/nus, and is one of 
considerable assistance in surveying. This boundary has been 
mapped throughout the Corris area. 

llie Derwen Group has not been examined in detail in the 
Corris area ; but it possesses the same lithological characters as in 
the area farther south, and there is little doubt that, if investigated 
in detail, it would reveal the s,ame faunal succession. 

From the Derwen Beds at Taren j Gesail, between the two sets 
of disused quarries, the following graptolites have been obtained : — 

Climaco(jra<pfm hughesi (Nicholson). Monograptus decApieupt Tornquist. 
Climacogmptus scalavis (Hisinger). M. gemmatus (?) (Barrande), 
Climacogmptiis scalaris var. nor- Jf. lobifems (M‘Ooy). 

malis Lapworth. M, regnlaris (?) Tornquist. 

Petalogmptus minor Biles. M. tenuis (Portlock). 

Petalograptus palmeus var, fennie Monograptus sp. 

(Barxande). Rastntes hyhrichis (Lapworth). 

Momgraptus convolutus (Hisinger). 

The zone is that of Jloiiograptiis rer/idaris, as defined at 
Machynlleth. 

From Nant y Goedwig the following were obtained : — 

CUmacograptus hughesi (Nicholson), Monograptus cliugani (CaxTuthers). 
Cl imacograptiLs scalao'is (Hisinger). M. convoliUns (Hisinger). 

CUmacograptus scalaris var. nor- M, decipiens Tornquist. 

malis Lapworth, Petalogra'ptus palmeiis var. lot ns 

Orthograptus hellulus Tornquist. (Barrande). 

Monograptus argutus (?) Lapworth. i Rastrites peregrinns (Barrande). 

From Ffridd Newydd, south of Aberllefenni, the following 
were obtained : — 

CUmacograptus hughesi (Nicholson). Monograptus decipiens Tornquist. 
Clirinac^graptus scalaris (?) M, lob if erus (MCoy). 

Petalograptus minor Biles. M. regular is Tornquist. 

Monograptus argutus (?) Lapworth. M. tenuis (Portlock). 

Jlf, convoltiius (Hisinger). Rastrites hybridus (Lapworth), 

From NTant Cwm Oadian the following were obtained : — 

Monograptus convolutus (Hisinger). I Monograptxis regularis Tornquist. 

M. lohiferus (M‘Coy). j CUmacograptus sp. 

In the same stream-section, a .short distance above the Mono- 
(/rapfus-convolutus Beds, the following graptolites were col- 
lected:— 

Monograptus halli (Barrande). | Monograptus tenuis (Portlock). 

M, sedgtoicl'i (Portlock). CUmacograptus scalaris (Hisinger). 

The total thickness of the Derwen Beds is rather less than 
200 feet. 
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Ystwytli Stage. 

So far as they have been investigated in this area, the beds of 
the Ystwyth Stage consist of pale greyish-blue slaty mudstones, 
Avith nimierons irregularly laminated grit-bands measuring up to 
1 or 3 inches in thickness. The laminated grit-bands have usually 
a false-bedded appearance. 

Immediately above the base at Taren y Gesail are disused 
quarries in a slat}' group belonging to this stage. The greyish- 
blue slaty mudstones which have been quarried are iDi'eeisely 
similar to those that have been quarried farther south at Cwm y 
G6f and Cwm Rhaiadr (described in the Machynlleth paper). 
They contain paler mudstone-bands and some bands of grit. 

At a somewhat higher horizon, a similar slaty groiqD in the 
Ystwyth Stage has been extensively quarried south of Corris, as, 
for example, in the Era and Rlnwh'-gwreidd}*!! Slate-Quarries near 
Esgairgeiliog. Here again the lithological type is a greyish-blue 
slaty mudstone, with paler bands and some laminated gritty seams. 

The transition from the Herwen Beds to the Ystwyth Stage is 
marked by the gradual incoming* of siliceous and gritty bands. 
They rapidly increase in number, and within a few feet become 
well-marked grit-bands. The base of the Y'stwyth Stage has been 
taken, for convenience in mapping, where the gritty bands become 
characteristic. Actually, this is some distance above the baiul 
which yields jSLonofiraptus s&dgwic'ki. It should be pointed out 
that the boundary is, in manj^ ways, an unsatisfactory one. 

Note on the Outcrop of the Yalentiarx Rocks. 

Throughout the Corris- Aberllefenni area, the outcrops of the 
various members of the Yalentian Series make the characteristic 
topographical features described farther soutb.^ The compara- 
tively soft shales of the Cw;mei*e Group form a hollow flanked on 
one side by the rough craggy ground of the Garnedd-wen Mud- 
stones, and on the other by the well-marked escarpment of the 
Derwen Group, capped in most cases by the basal beds of the^ 
Ystwyth Stage. This feature is pai*ticularly well displayed when 
the rocks cross a sj^m* or ridge between two valleys. 

Y. Hetateed Desceipxio357 oe the Sthucttjee. 

Fokli ng. 

The area lies on the south-eastern flank of the Harlech Dome, 
and the geneml trend of the strata is determined by that major 
structure. As a result, the genei*al strike of the beds is from south- 
west to north-east. The beds dip south-eastwards, the dip varying 
from about 40° to practically vertical. The lowest dips are usually 
found along the margin of the volcanic rocks — the average dip 
there being about 45°. South-eastwards the dip gradually steeiiens, 

1 O. T. Jones & W. J. Pugh, Q. J. O. S. vol. Ixxi (1915-16) %. 1 , p. 348. 
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until along the outcrop of the Harrow Vein it may he as much as 
70° : as, for instance, at Aberllefenni. This steep clip is normally 
maintained or even increased, until the outcrop of the Derwen Beefs 
is reached : for example, the Cwmere Beds at Brynlhv^^d Quarry, 
south of Corris, dip south-eastwards at S8^. The dip then gradually 
decreases as we come upon the outcrops of the Ystwyth Stage. 

Just as the Harlech Dome itself is crossed hy folds minor in 
comparison with that great anticlinal structure itself, so in the 

Fig. 4. — l^ia gram mat ic shetch of the Oorr/V A.nticline^ ci8 seen hi 
the sottthermnost giiarry at JBraich-goch, Corris, 



1= Narrow slate-vein. 2=G^rne(!ld-w€n Beds (mudstones 
with thin grrit-bands). 

Corris area there are folds which trend transversely to the normal 
strike of the beds, and cause considerable deviations in the general 
direction of the outcrops. 

The area is crossed by two important anticlinal structures, one 
in the west which we may call the Corris Anticline, and the 
other farther east which we may call the Aberllefenni 
Anticline. The axes of these two folds trend noi'th-north-east 
and south- south- west, and in some places approximately noi'th and 
south. 
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Of these two anticlinal structures, the larger and more im 2 :)ortant 
is the Coi’ris Anticline. It is the northward continuation of the 
Oefn Maesmawr Anticline, Avhich was described in the Machynlleth 
area (seehg. 5, p. 534). Although this anticlinal structure persists 
right through from the Hiver Oyti to Corris, its character changes 
considerably northwards. Immediately^ south of the Dyfi, the 
Cefn Maesmawr Anticline is overfolded towards the east, and the 
eastern limb is in most places replaced by a well-marked strike- 
fault which has been called the Brwyno Over thrust. At 
Oorris this overthrust has disai3j5eared, and, in addition, the anti- 
clinal structure is not markedly asymmetrical. 

The character of the Corris Anticline is well brought out by the 
outcrops of the A’-arious bands \Ahich have been niaiDped : as, for 
instance, the zone of Glyptograj>tus persculptus at Cwm Cadian 
and the thick grit-band in the Oarnedd-Aven Beds on Mynydd 
Bi*aich-goch, etc. The nose of the anticline is particularly Avell seen 
in the southernmost Braicli-goch slate-quarry (see fig. 4, p, 532). 

The anticlinal structure seems scarcely to make itself felt on the 
outcrop of the Nod Cflas, and this feature has been obseiwed, in 
addition, at .seA^eral localities outside the area at present described. 
While the outcrops of the Pont Erwyd Stage and the Abercorris 
(rroup may indicate pronounced folding, this is rarely revealed by 
the outcrop of the Nod Glas, which runs in a general south-Avesterly 
and north-easterly’’ direction with remarkably few deviations. 

This curious variation in folding in dift'erent beds is difficult to 
explain, unless it be that the folds diminish in intensity north- 
Avards, or that the massive, comj)act Aberewmeiddaw Mudstones 
protect the Nod Glas from the repeated folding exj)erieneed hy the 
higher beds. 

It is i^robably the Corris anticlinal axis Avhich brings in the 
outcrop of the volcanic rocks on the north-western side of Mynydd 
y Waun. At the latter place the western limb of the structure is 
3 'eplaced hy a Avell-marked strike-fault. 

The Aberllefenni Anticline is not so important a structuml 
feature as the Corris Anticline. It is however, in all probability, the 
northward continuation of the Khiwlwyfan Anticline recorded at 
Machynlleth (see fig. 5). There is no indication of the Bhiwlwyfan 
Overthrust which marks the eastern limb of the anticline farther 
south, nor is the Aberllefenni Anticline markedly asymmetrical. 
The anticlinal structure appears to die out immediately?- north of 
Aberllefenni, for there is no indication of the fold in the outcrops 
of the Narrow Vein and the Bed Vein as they ci*oss over the ridge 
of Poel Crochan, north of Aberllefenni ; in fact, the fold appears to 
die out so soon as the Aberllefenni strike-fault is reached. 

The small synclinal structure which intervenes between the 
above-mentioned anticlines is the northern extension of the 
Glaspwll Syncline at Machynlleth ; Avhile the broad synclinorium 
west of title Corris anticlinal axis may be correlated with the 
synclinorium farther south, the eastern and westex'n limbs of Avliich 
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ai’e represented the ontcrops of the Pont Ei'wyd Stage at 
Derwenlas and Pant yi* On, west of Pennal, respectively (see 
hg. 5, below). 

There is a certain amount of minor folding, as revealed, for 
example, by the outcrops of the Pont Erwj^d Stage between Taren 
y G-esail and Cwm Cadian ; but this appears to die out northwards. 
There is little doubt that, from the point of view of geological 

Pig*. 5. — STcefcJi-majy iTliistraiing the general geological sir^tciure 
of the area hetweeii C orris and .'Maclii/nlletli . 



stx'ucture, the area is much less complex than that described 
farther south about Machynlleth. 

All the folds in the Corris area show a well-marked southerly 
pitch, as opposed to the northerly pitch at Machynlleth. When- 
ever it is possible to take direct observations of the pitch, the 
amount appears high; for example, when the outcrop of the zone 
of Qlyjpiograptiis ^persciilptiis crosses the axis of the Conus 
Anticline at Cwm Oadian, the pitch is about 35°, and again where 
the well-marked grit-band in the Garnedd-w’^en Beds crops out on 
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the north side of Nant y Goedwig, the pitch is again 35°. In fact, 
in most localities where it is possible to take direct observations of 
the pitch, the values vary between 30° and 35° and rarely less. 
However, it is unlikely that this value is maintained continuously 
along the axis of the folds. It is probable that the crests of the 
folds are of an undulatory character: that is, at one point the 
pitch is considerable, then diminishes, and then steepens again. If 
that be so, then the average pitch in the area is considerably less 
than 30° or 35°. 

In this respect it is interesting to observe the form of the 
outcrops of successive rock-groups in the Corris Anticline. The out- 
crop) of so well-delined a band as pf^rsculptus zone makes a broad 
V pointing southwards indicating a strong southerly pitch. The 
equally conspicuous outcrop of the grit-band in the Garnedd-wen 
Beds below makes a narrow V, such indeed, that for some distance 
the outcrops in both limbs of the fold are approximately parallel 
one to the other. This feature is again well shown in the form of 
the outeroj) of the ISTarrow Vein farther north, where the outcrops 
on the two limbs of the anticline are practically parallel for a dis- 
tance of over half a mile. The western outcrop of the Narrow Vein 
in this locality is capable of accui’ate mapping, for it is continuously 
exposed in a series of open-air workings. The eastern limb is not 
quite so w'ell exposed for part of its outcrop ; but thei*e can be no 
doubt of its location within a few feet, because exposures of the 
chamcteristic beds above and below are numerous. It is possible, 
however, that part of the Narrow Vein may be cut out by faulting 
on this eastei’ii limb, but I have found no evidence of this. 

Taking further into account the width of outcrop of the various 
groups along the axis of the Corns Anticline, it woidd appear that, 
between the outcrops of the perscii^ptus zone and the prominent 
grit-band on Mvnydd Bi-aich-goch, the avemge pitch is mther 
more than 30°; while .between the grit-band and the Narrow Vein, 
the average pitch cannot be more than from 16° to 18°. Farther 
north along the axis the pitch would appear to be still less for 
some distance. 

It is considered, therefore, that the amount of the pitch varies 
considerably along the axis of the Corris Anticline, and it is 
possible that this feature is repeated along the axes of the other 
folds in the area. 

It will be observed, further, from an examination of the form 
of the outcrop of the NaiTOw Vein in the Corris Anticline about 
the Braieh-goch Quarries, that there is fairly considemble torsion 
of the anticlinal axis. The direction of axis as revealed by the 
outcrops of the persculptuB band and the grit-band mentioned 
above, indicates a direction a few degrees east of north ; while for 
some distance in the Braich-goch quarrying area the axis trends 
distinctly west of north. Subsequently the axis veers to the 
of north again, as revealed by the location of the volcanic outcrop 
on the norih-westem slopes of Mynydd y Waun. 
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Faulting. 

Strike-faults. — The northern margin of the area described is 
bounded by the great Tal-y-llyn or Bala Fault, which follows the 
deep valley of Tal-y-llyn ; but no investigations have been carried 
out on this fault itself. 

However, by mapping the upper limit of the volcanic rocks on 
Craig y Liam, the presence of several small strike-faults has been 
proved. They trend approximately parallel to the main Tal-y- 
llyn Fault, and are in all probability closely related to it. The*se 
relatively small faults make conspicuous features when the junction 
of the Craig y Liam and Hengae Groups is followed. Each of 
them a:ftects the outcrop of the volcanic rocks in the same way, 
only with slightly differing results. They act as repeating faults, 
and the rocks are thrown up on their south-eastern side. As to 
whether the movement is mainly a vertical or a lateral displacement, 
it is difficult to decide definitely. 

The presence of these pai'allel strike-faults leads one to believe 
that the Tal-y-llyn Fault will be found in this region, not to consist 
of a single fmeture# but rather more probably of a belt of parallel 
faults (‘shatter-belt’). 

The W aun Fault. — The western margin of the volcanic rocks 
on the north-western slopes of ^ Mynydd y Waun is defined by a 
well-marked strike-fault which is shown on the 1-inch Geological 
Survey Map, Old Series, No, 59 N.E. The fault runs along a 
marshy hollow between Mynydd y Waun and Cmig y Liam. In 
the middle of this depression the crags of volcanic rocks end off 
very abruptly. When seen north-eastwards from Mynyddd From- 
fraith, this line of crags with abrupt slopes facing north-westwards 
presents a very characteristic topographical feature. 

This fault acts in the same way as the small strike-faults 
described on Cmig y Liam. 

The Aberllefenni Fault. — ^At Aberllefenni there is a well- 
marked fault, which affects the outcrops of the Abercorris Group 
and the Font Erwyd Stage. As a result, the Narrow Vein occurs 
twice on the. south side of the Llefenni Valley. Its effects may be 
compared with those of the strike-faults mentioned above, ft is 
of the nature of a repeating fault, and the rocks are thrown up 
on the south-eastern side. The fault-plane probably is steeply 
inclined south-eastwards. 

It may be the southr western extension of this fault that causes 
the compamtively mrrow outcrop of the Aberowmeiddaw Group, 
north-west of Conns. 

dl*he transvei'se faults. — -In the extreme north of the ar@^ 
the margin of the volcanic rocks is interrupted by two relatively 
unimportant dip-faults. They make conspicuous notch^^^jn th%^ 
%>undary^ between the volcanic rocks and the Ceiswyn 
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They trend north-west and south-east, and faults with a similar 
direction have been located by Prof. A. H. Cox & Mr. A. K. Wells 
in the Arthog-Dolgelly district, and by Miss G. JL. Elies in the 
Bala country. 

Both fault-planes are inclined south-westwards, the more 
northerly one at about 60"'. Both possess a small downthrow to 
the north. 

The cleavage. — All the rocks in the Corris-Aberllefenni area 
are affected by a very j)i’onounced cleavage, although the degree to 
which they have been affected has depended to some extent upon 
the jdiysieal characters of the rocks themselves. The coarser- 
grained and less homogeneous rocks have not yielded so much 
to the compressional movements. 

The cleavage-planes trend almost exactly parallel to the strike 
of the beds, hut are not so greatly affected by the minor folding. 
They are steeply inclined or practically vertical, as a general rule. 
The average inclination over much of the area is about S0° to 85^ 
south-eastwards, but the inclination diminishes somewhat with the 
diminution in dip as the margin of the volcanic rocks is apjjroached. 
In the dark slaty group at, the base of the Ceiswyn Beds, 
immediately above the volcanic rocks : as, for example, at the head 
of the Llefenni Valley, the cleavage-planes are inclined south- 
eastwards at 60°. 

VI. CoMP.VlUSON WITH OTHER AhBAS. 

. It is proposed to give some general comxxirisons with other areas 
in the ease of the Ordovician rocks alone. The Valentian rocks 
am closely similar to those described fai-ther south in the Machyn- 
lleth area, where the succession has been compared in detail with 
that obtaining in other districts. 

Central Wales. — The Ty’n-y-maen Group of the Plynlimon 
Stage, described at Machynlleth, corresponds with the upper part 
only of the Garnedd-wen Mudstones at Corris. The lithological 
characters ars closely similar in both areas. 

There is no doubt that the Aberconis Group may be correlated 
with the Plynlimon Stage at Plynlimon d Prom the basal group 
of the Plynlimon Stage, namely the jKTant-y-Moeh Flags, Prof. O. 
T. Jones records the following graptolites: — 

IHcelldgraptiis anceps. j Glimacograp^us scalaris var. 

Orthograptus trunoatus. I . 

OrtTwgraptus of. muiabilis. 1 

;; The fauna is the same as that of the Red Vein at Corris. The 
Rad Vein, and probably the Narrow Vein, may, therefore, he 
correlated with the Nant-y-Moch Flags. The Gamedd-wen ;^ds 
are equivalent to the Prosgol and Brynglas Group at Plynlimon, 

^ S, ToL lnr (1009) p. 46a. 

202 . 
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the lithological characters of the groups in both areas being 
practically identical. 

When the thicknesses of these groups are compared, liowever, 
there are many striking diferences. Prof. O. T. Jones informs me 
that he considers the Brynglas and Drosgol Groups to be approxi- 
mately 900 and 1150 feet thick respectively : that is, a total 
thickness of 2050 feet. The Gamedd-wen Beds in the south- 
western part of the Corns area approximate to that total thick- 
ness ; but there is a marked diminution in thickness in the eastern 
part of the area, where the Garnedd-wen Beds are not more than 
500 feet thick, probably rather less. 

The Nant-y-Moch Group is about 2000 feet thick, and even 
then the base of the group is not exposed. The Red Vein and 
Narrow Vein are only about 400 feet thick throughout the Corris- 
Aberllefenni area. 

It is, of course, possible that the Narrow Vein may be a 
development of the lower part of the Drosgol Group ; hut that 
does not materiall 3 ?' affect the values given, for the Narrow Vein 
rarely, if ever, exceeds 60 feet in thickness. 

The Ptynlimon Stage is abont 4000 feet thick, as exposed at 
Pl^mlimon. At Corris the total thickness of the corresponding 
Abercorris Group varies from 2400 feet in the west to 900 feet in 
the east. The point where the Abercorris Group diminishes in 
thickness to about 900 feet is approximately^ 16 miles due north 
of Plyrnlimon (see fig. 6, p. 538). 

Further, it is interesting to observe that at Plynlimon, JDioello^ 
(jraptus anceps occurs in a band about 600 feet above the shales 
which yield Oi'tliograptiis trmicatus. At Con*is, D, ance^s is 
found in a band which is considered to be a short distance, probably 
only a few feet, above the shales that yield O, truncatns var. alhre- 
matus in such abundance. 

It will, therefore, be seen that the correspondence between the 
two areas is very close, despite the great difference in thickness of 
the rock-groups. 

The Bala area. — ^The lower part of the Ceiswyn Beds recalls 
in many ways the lithological characters of the Nant Hir Shales 
which overlie the Ordovician volcanic rocks west of Bala.^ At 
Corris, however, there is no trace of the Derfel Limestone recorded 
at Bala. The rocks immediately above the volcaiiics at Corris are 
well exposed, and so it would appear that that highly characteristic 
limestone-band dies out before this area is reached. 

At present, it is difficult definitely to correlate any of the groups 
established at Corris with those described at Bala, although the 
two areas are only about 20 miles apart. The Foel-y-Dinas 
Mudstones yielding the JPhacops-mucronatus fauna are probably 
equivalent in general to the Garnedd-wen Beds, since the latter, 
north-east of the area at present described, yield JE^h. mticronatus. 

» O. L. UlleB, Q. G. S. vol. Ixxviii (1922) p. 132. 
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Presumably, the lihiwlas Limestones and Mudstones eorres])ond to 
the basal part of the Aberewmeiddavv Group ; but the faunas 
obtained are quite distinct. 

In the Bala country, asli-bands occur above the main mass of the 
volcanic rocks. There is no evidence of similar ash-bands in the 
Oorris area, nor of any of the well-marked limestone-bands which 
are so characteristic and fossiliferous at Bala. 

Girvan area.^ — There are many points of similarity between 
the succession at Girvan and that of Oorris. The fauna obtained 
from the Abercwmeiddaw Mudstones recalls at once the fauna 
obtained by the late Prof. Charles La^^wortli from tlie highest 
beds of his ‘Whitehouso Group : namely, the Dionide Band. This 
highly characteristic band at Girvan is underlain immediately b}^ 
the zone of DicellQgra])ius com^dancdm. 

It appears, therefore, possible that the beds immediately below 
the Ggclopyge Beds in the Abercwmeiddaw' Group correspond 
approximately to the DiceUog^^cpfiis-coQnpJanatus Zone on the 
graptolitic time-scale. 

In the low'er part of the Whitehouse Gi'oup, Prof. Lap worth 
recorded from black shales Pleirrogra^ytus linearis^ IJicfdlor/rapi ua 
morrisi, D. forcliammerU etc. The fauna of these graptolitic 
shales recalls that of the Nod Glas at Oorris ; but the presence of 
DicranogTupttis clmgani in the latter area suggests a somewhat 
lower horizon : namely, the highest part of the Ardwell Beds at 
Girvan. Hence at Oorris it is possible that the JPleurograpfits- 
linearis Zone may he represented by the very highest black shales 
of the Nod Glas, and perhaps that part of the Abercwmeiddaw 
Mudstones w'hicli lies beneath the Cijclopyge Beds. 

There is some difficulty in subdividing the TJpi)er Ordovician 
I'ocks in the Oorris area into the usual Ashgillian and Oaradocian 
Stages, and consequently I have not atteinioted to do so. 

The Conway area.^ — ^At Conway, in the Deganwj" or Fhacops 
Mudstones, Fli, mucronaius has been found about’ 7 feet above a 
shale-band yielding Orthograptus irmicatus var, ahlreviatus. It 
will be recalled that at Corris the Bed Vein yields that graptolite, 
together 'with Dicellograpfus anceps. Outside the Oorris area, 
tow'ards Dinas Mawddwy, Fhacops nvLicT'onaUis occurs in the lower 
part of the Garnedd-wen Beds immediately overlying the Narrow 
"Vein. The Began wy Mudstones, therefore, appear to correspond in 
stmtigrai^hical position with the Ahercorris Group. If that be so, 
then there is a very striking difference in thickness. The Beganvpy 
Mudstones are only SO feet thick; but the Ahercorris Group 
varies from 2400 to 900 feet. 

Underlying the Began wy Mudstones at Conway are the Tri^ 
nucleus or Bodeidda Mudstones, and these apj^ear to possess 

1 C. Lapworth, Q. J. O. S. vol. xxxvxii (1882) p. 537. 

" G. Ii. Elies, ibid. vol. Ixv (1909) p. 169. 
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lithological characters very similar to those of the Ahercwmeidclaw 
Mudstones which underlie the Abereorris Group. At Corris they 
yield most commonly species of Triiincleiis ; but there are many 
differences in fauna between the two groups. If the Bodeidda 
Mudstones are correlated tentatively with the Abercwmeiddaw 
Group, there is again a marked difference in thickness from 
350 feet at Conway to 1500 feet at Corris. 

The highest beds of the Cadnant Shales may, perhaps, be corre- 
lated Avith part of the ‘N'od Glas, but there are again many 
differences in fauna. The Dicellograpti which are so abundant at 
Corris appear to be absent at Conway, and there is no indication in 
the latter area of those graptolites which at Corris suggest the 
someAvhat higher zone of Pleurograjpiiis Uiiearis, 

In conclusion, I wish to express my thanks to Prof. O. T. Jones, 
who has given me much valuable advice and assistance in the 
identification of the fossils, and much encouragement during the 
progress of the investigation ; also to Mr. G. J. Williams, I.S.O., 
who, in the early stages of the work, informed me of several 
localities where he had collected fossils. 

EXPLANATION OP PLATE XXVII. 

Geological map of the district -around Corris and Aberllefeuni, 
on the scale of 2 inches to the mile, or 1 1 31,680, 

Discussion on the two eoeewoing Papees. 

Miss G. L. Elles said that she was more particularly interested 
in the questions connected with the Black-Shale Group in the two 
areas, and in the occurrence of the Dionide fauna. Mr. Xing’s 
papei’ dealt with an area which was close to the Bala country, where 
no Black ISliales occur at the horizon that he had noted; nevei*theless, 
this apparent discrepancy probably seems greater than it actually 
is, for at the top of the Allt-ddw Mudstones these giuptolitic shale- 
bands do occur intercalated in the mudstones, showing that the 
conditions for the accumulation of graptolite-shales were not very 
far aAvay even there. What these conditions were was another 
question ; Mr. King considered that his Black Shales had accumu- 
lated under * lagoon ’ conditions. ■ In the oj>inion of the speaker 
that depended upon the meaning of the term ‘ lagoon ’ : if it meant 
merely shallow, quiet water, she would agree absolutely ; but, if it 
implied I’estrietion in communication with the open sea, she would 
disagree just as absolutely. She did not think that any worker on 
graptolite-shales at the present day considered them deep-sea 
deposits : the factor tliat controlled their deposition was not depth 
as depth, but the other factors that go with depth, especially 
quietness of the waters, as indicated by the perfect condition in 
which these delicate little organisms are found. This had been 
pointed out as long ago as 1897 by the late Prof. Charles Lapworth, 
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and accorded well with their distribution in the deeper parts of 
the epicontinental seas where these conditions were best attained ; 
in certain circumstances, however, similar conditions might be 
found in quiet, shallow water. The avo rid- wide distribution of the 
graptolites certainly seemed to necessitate free coiumunication Avith 
the open ocean, tliough perhaps, again in exceptional circum- 
stances, graptolite-shales might accumulate in areas where there 
Avas only restricted communication. It might, lioweA^er, be ex- 
pected that the fossils Avould then exhibit some abnormality. 
With regard to the Black Shales in Prof. Pugh’s country, they 
appeared to the speaker to belong \'ery miicli to the same horizon 
as those described by Mr. King (top of the J^leurof/rajrhts-Unearis 
Zone), and that Avould seem to lit in better with the succession 
than their relegation to a lower horizon, Avbich would make it 
ditticult to see what represented the JP.-liiwions Zone, 

Prof. Pugh’s discovery of the Dionule fauna of the AVliitehouse 
Beds Avas most interesting and important, as it aiforded another 
instance of the in\^asion of the Welsh area by the Scottish type of 
Ordovician fauna. This had been lirst noted in the resemblance 
of the fauna of Ih*of. Fearnsides’s Dorfel Limestone to that of 
the Stinehar Limestone. There could he little doubt that the 
Ashgillian fauna as a Avhole Avas derived from this Scottish type of 
fauna, and therefore this discovery of Prof. Pugh’s A\’as a further 
indication of the gradual spread of that fauna into Wales. 

Prof. O. T. Joi!?'ES said that he did not entirely agree with the 
idea that the graptolite-shales Avere deposited in lagoons, although 
it \A"as eAudent that they were laid down in shallow Avater. The 
difference in the folding at different horizons showed that there 
was much movement along the bedding-]>lanes, especially of the 
softer strata. The terms Ashgillian and Caradocian are not 
yet sufficiently Avell known to allow of their general application, 
and consequently it is preferable (in the existing state of know- 
ledge) to use local names for the formations, as had been done by 
Prof. Pugh. 

The SECEETAiir read the folloAving communication received from 
Mr. E. E. L. Djxox: — 

‘In 1910 I had occasion to g-o through much of the literature on radiolarian 
rocks, and, of course, came to the classic work of 33. N. Peach & J. Home on 
the Southern Uplands. I liad been led to the conclusion that radiolarian 
cherts of the thinly wedge-bedded, striped type Avere very shallow-water 
(• lagoon ’) deposits, not those of deep seas, and, for comparison, I was looking 
for cherts of indubitably deep-sea origin. Those of the Southern Uplands 
had been claimed to be such, and the association of the cherts there Avith 
graptolite-shales Avas, if I remember aright (I speak Avithout the book), hold 
to be confirmation of the deep-sea origin of both. But, as some of the cherts 
Avere evidently (from the description) similar, in essential features, to those 
of the Culm, Avhich I believed to be lagoon-deposits, I was led to examine the 
credentials of graptolite-beds. Their claim to be of oceanic origin proved to 
be eA’^en less well- substantiated than that of the cherts, for the simple reason 
that, whereas the widespread radiolarian deposits of the present day are 
confined to deep seas, no recent forniation corresponding without doubt to 
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graptolite-sliales is known. The fineness of the sediment counts for nothing*, 
as it may be paralleled in certain unquestionably shallow- water groups : for 
instance, some beds in Modiola-phaaes. The same may be said of the organic 
remains, restricted to plankton and nekton, but often teeming in indiriduals. 
Under lagoon- conditions, I hare suggested, such kinds of sediment and 
organisms, though unusual in ordinary shallow-water beds, would tend to 
accumulate. 

‘ Eadiolarian cherts (of tlie striped type) and graj^tolite- shales go together, 
in my opinion, in their relations to standard deposits and to the contempo- 
raneous shore-lines. So far as radiolarian rocks are concerned, I hare been 
able to get further evidence ; but, as regards graptolite-shales, I hare had, 
perforce, to be content with studying the work of others. In 1911 Arthur 
Vaughan, when collaborating with Prof. S. H. Reynolds on Bm^rington Combe, 
considered the rapid variation shown by graptolites to be more probably the 
result of an in-ahore life than of a pelagic existence ; but a shallow-water 
origin has rarely been ascribed to particular graptolite-beds : I can recall 
merely one example, described about 1921 by G. T. Treedsson. On the other 
hand, the association in some places, such as Tourmakeady (described in 1909 
by C. I. Gardiner & S. H. Reynolds) of coarse grits w'ith radiolarian cherts 
and graptolite-slates is irreconcilable with sedimentation in deep seas, as, in 
the case of the cherts, had been pointed out already by A. J. Jukes-Browne. 

‘ The kind of evidence that has been desired, so far in vain, has been a 
determination by fielcl-mapxiing* of the relation.^ of a graptolitic deijosit to the 
shelly bods on the same horizon, and to the contemporaneous shore-line. 
Hitherto it has been assumed that the graptolitic xdiase indicates the deeper 
water. If, as I understand, Mr, King has obtained proof by liis mapping 
that the area occupied by certain graptolite-beds lies between that of the 
contemporaneous shelly bods and the independently-known position of the 
shore-line, he has made an important stei) towards harmonizing a number of 
anoinaloiis observations in a way which may vitally affect our conceptions 
of Older Palaeozoic geography.’ 

Prof. O. HoLTERAHii was interested to hear Mr, King's sugges- 
tion that the graptolitic shales 'were shallow- water sediments 
because graptolite-shales have quite commonl^^ until recent times, 
been regarded as indicating deep-'vvater conditions. The speaker 
had, as a result of his studies on Ordovician sediments of a certain 
district of the Christiania region (published in 1909), come to the 
conclusion that the graptolite-shales there were not of deep-water 
origin. Prof, J. Walther had, before that time, expressed the 
opinion that the black shales, so commonly found in the Cambro- 
Silurian formations of North-Western Europe, were deposited in 
lagoon -like bodies of water ; but we must cer’^inly assume these 
to have been quite extensive epicontinental seas. The sea in 
which the Cambrian alum-shales of the Scandina\dan Peninsula 
were deposited must have had a length at least eompamble to that 
of the peninsula itself. As to the stratigraphical conditions just 
at the Ordovieian-Silurian boundary, it w'as interesting to notice 
how they are in the Christiania region very similar to those 
mentioned by Mr. King. In some districts there seems to be an 
unbroken succession, but with passage-beds of a very coarse 
chaiucter, while in others distinct breaks are noted. 

Prof. W. Gr. Feajrksibes said that, vdth regard to Mr. Dixon’s 
suggestion that gx'aptolite-beanng mudstones rej^resent a ‘ lagoon ’ 
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phase of Lower Paljeozoic sedinieiitatioii, he tliought the term 
lagoon an unfortunate misnomer. Those wlio have searched 
particular zones of grai:>tolites in widel^^-separatod localities, as, for 
example, the Valentian of Wales, the South of Scotland, Scandi- 
navia, etc., well know that the lithology of the individual beds 
which hold the fossils is as characteristic as the specilic features of 
the graptolites, and as widespread. The worker who knows his 
rocks at one place will always be quick to tiud the fossils for which 
he is searching at a new locality, although he may be hundreds of 
miles away from the district 'where he got his knowledge. The 
‘ lagoon ’ over the floor of which the famous continuous 4-inch hand 
with JSIonoyvaptus argenteus was deposited must have been about 
as wide as the Mediterranean Sea. The speaker could, however, 
agree that the graptolites which one occasionally obtains from the 
blue and blue-blaek mudstones, interstratified with volcanic ashes 
and calcareous shelly beds all through the Ordovician formation in 
Merioneth, are a meagre and ill-nourished lot, and that some 
explanation of the dwarted character of these faunas is required. 

Having experience that, in another district, in sandy calcareous 
rocks which occur not far from the Ashgillian-Caradocian boundary, 
certain species of the shelly fossils, which Mr. King had exhibited 
as repi'esentative of his collections from the sandy beds above and 
below the black graptoHte-shales of the South-Western Berwyn s, 
occur associated together, he expressed the hope that, in the paper 
when published, Mr. King would give mformation distinguishing 
between the species which he i-egards as long-range fossils charac- 
teristic of a particular kind of habitat, and the other mutating 
forms which he has found distinctive of particular geological 
horizons and really useful for zonal work. 

The Chathman" (Prof. W. W. Watts) congratulated both 
Authors on the presentation of the chief points of the two papers 
in less than an hour. He regretted that Dr. A. Wado was unable 
to he present to defend his reference of the G-wern-y-Brain shales 
and limestone to the Ashgillian. Mr. King had confirmed 
Dr. Wade’s recognition of a peculiar fauna in these beds, but 
referred it to condition instead of age. The speaker found it 
dMcult to understand 'vvhat were the modern repi'esentatives of 
the areas in which ‘ lagoon phases ’ were supposed to have been 
deposited. He was inclined to suggest that ‘Black Sea conditions ’ 
may have prevailed during the deposition of the Gwern-y-Brain 
group. 

Mr. Kingi-, in reply, said that the conditions of deposition of 
the black shales in question diSered somewhat from the normal 
graptolitio type. He did not suggest that all graptoKte-shales 
were necessarily of the same origin. He understood that the 
‘ lagoons ’ of Mr. Dixon were not in any way similar to the small 
lagoons of coral-islands, but that they were essentially shallow- 
water areas which were, for some reason, completely cut from 
the supidy of normal sediment, and in which the conditions were 




545 


part 4 ] a:sd gigolo gI' of ooehIs 

unfavourable for the normal type of fauna. It was thought that 
the black shales in ((uestion were formed under these conditions. 

With regard to the advisability of using the term Ashgillian 
in this area, it was clear that the Phillii^sinelhi Beds contained 
the same fauna as the Lower Ashgillian of Cautley and Coniston 
(as described by Prof. J. B. JMarr), and therefore the I^erwyn 
strata had as much right to be called Ashgillian as the bods in the 
type -areas. 

Prof. Pugh, in reply, stated that, while many of tlic graptolites 
in the black shales of the Xod Glas suggested the zone of Pleitro- 
Ifi'aptKn linearis, there occurred, towards the base of the shales, 
JO>icranoyrapius elingani ; and this had led him to suggest tenta- 
tively that the shales may represent the junction between the zones 
(^f ./>. vlingoni and P. linearis. AVith regard to the variation in 
folding in ditfei-ent beds, the Nod Glas alforded ample evidence of 
shearing and slij)ping. 
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I. Introduction. 

The St. Austell granite-mass has attracted considerable attention 
in the past, because of th© economic importance of its mineral 
deposits and the petrological problems that arise out of the 
wonderful display of pneumatolytic activity manifested in the 
district. The principal references to the literature are given in 
the footnote,^ and suice these contain full bibliographies, it is 
unnecessary to compile another for the purpose of this paper. 

Two reasons induced me to undevUke this woi*k. In the 
fix'st place, it appeared desirable to develop and apply to a coarse- 
grained igneous rock-mass quantitative microscopic methods. 
Secondly, it seemed probable that much light could be thrown 
upon the problems of the St. Austell granite by quantitative and 
qualitative data obtained from a larger number of I'epreseiitativc 
slides than has been available hitherto. A preliminary investiga- 
tion in the field soon revealed that the district presented some 
disadvantages in the application of the method, owing to the 
occasional occurrence of very coarse porphyritic structure in the 
granite; but, at the same time, it was evident that the results 
would outweigh a little uncertainty arising from this difficulty. 

The present paper deals solely with the granite, and all post- 
consolidation and metamorphic changes ai*e excluded from its 
scope. The aim has been to ascertain what evidence exists of 
difiierentiatioii and variation in the original rock. Certain 2meuma- 
tolytic effects have been generally recognissed as inextricably 
bound up with stages in the intrusion and crystallization of the 
original magma, and such, of com'se, come within the purview of 
the work. In the choice of material in the field care was taken to 

* * The Geology of the Country around Bodmin & St. Austell * (Explanation 
of Sheet 347) Mem. Geol. Surv. 1909 ; J. A. Howe, ‘ A Handbook to the 
CoUeotion of Haolin, China-Clay, & China-Stone in the Museum of Practical 
Geology ’ Mem. Geol. Surv, 1914 ; T. 0- P, Hall, * The Petrology of the 
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avoid spots of intense secondaiy changes, and specimens were 
chosen only from good exposures where the general character of 
the rock could be ascertained, and ty]>ieal granite-specimens 
selected. Further, all slides were subjected to a preliminaiw 
examination, and, if any showed excessive greisenization or 
secondary tourmalin ization, or were in any respect abnormal 
samples, they were rejected. 

The samples, as finally chosen, represent altogether fifty localities 
on the main intrusion, besides a few, treated separately, on out- 
lying satellitic masses. The distribution of these localities is 
shown by reference-numbers (which are also given with the locality- 
names in Table IV, facing p. 552) on the map (fig. 1, p. 548). 
The more northerly areas, outlying among lied and Conce Moors, 
did not provide good exposures, and all surface-blocks appeared 
to be modified, so this district is not included in the work. 

It was found that the rock-types fell very closely into four 
distinct areas, and, in order to facilitate later description, it will 
he useful to anticipate the results and define these areas here : — 

(a) Tho Betew Area, the small portion of the oxi^osure west of the 

Biver Fal. 

(b) The St. Stephen Area, inolnclecl between the River Fal and aline 

drawn northwards through St. Stephen’s Beacon. 

(c) The Hens bar row Area, stretching from St. Stephen’s Beacon 

nearly to the Lnxnllyan Valley. 

(d) The Lnxnllyan Area, including all the mass cropping out east of 

the Lnxnllyan River, and a thin strip of country to the w'est of it. 

The boundary-lines of these districts are shown in fig. 1, and 
also in most of the later maps. 

Most of the previous general petrographic description is due to 
Dr. J. S. Flett, and the present investigation eontinne.s his work, 
extending it chiefly in a quantitative direction. I beg leave to 
extend my thanks to Dr. Herbert H. Thomas, by whose courtesy 
I have been enabled to examine and measure the slides from this 
district in the collection of the G-eologieal Survey, 

II. Mineral Co:upo.sitton op the Gtrantte. 

Dr. A. Johannsen‘’s^ areal method of micrometric measurement 
was chosen for the work in hand, partly because it adapts itself 
especially to the analysis -of the coarse-grained rocks, and partly 
because it offers advantages arising from the concentrated study 
of a single field nt a time. Measurement was carried out under a 
1-inch objective for all slides, for this j^ower enables the amount 
of accessories to be estimated, without at the same time unduly 
limiting the field. The scale of measurement should be deter- 
mined, for the actual areas of the minerals present are sometimes 
of use in estimating the distribution of inclusions, etc. The mean 
specific gravities of minerals, as given by Dr. H. A. Miers,^ were 

1 Journal of Geology, vol. xxvii (1919) pp, 276-85, 

® ‘ Mineralogy ’ 1902, pp. 656-61, 
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used in the conversion of the determined volumes into weiglits. 
The reduction of averages and routine calculations v"ere made 
on a 10-ineh slide-rule. 

Now, in all work of this kind the problem of the effects of 
sampling’ is prominent ; but here the problem is complicated in 
several We ai^e studying the point-to-point variation of a 

granite, which, though by no means uniform, presents no startling 
fjuantitative differences, and yet is at the same time coarse- 


Hc. I. DisTRiBumn or Smous. ' 
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Kiflt.v,-> 
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giained, and, therefore, highly susceptible to the vagaries of 
sampling. Moreover, if five min em Is are j)re?ient, one only may be 
3’eally increasing or decreasing, while the others, maintaining their 
projportions relatively one to the other, yet as a whole decrease 
or increase antipathetically with the varying constituent. Some 
criterion is consequently necessary to separate significant vai’iations 
from these efects combined with those of sampling. Further- 
more, when many localities are examined, considerations of time 
and expense impose a limit to the number of slides available from 
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each locality, and some means of evaluating’ the observations is 
the more urgent. 

To aiford material for a statistical study of the problem of 
sampling, eight slides were taken from a granite of DyerV Quany, 
Meledor (No. 48). Seven of these were cut from two specimens, 
selected at a distance of about 40 feet from the. contact of granite 
and slate. An eighth slide was obtained from the Greologieal 
Surve.y, and is, therefore, independently selected. The volumes of 
the minerals obtained by measurement are recorded in Table I, of 
which the lowest row gives the number of fields measured as an 
indication of the area of the slides. All locality averages stated 
hereafter are weighted according to the areas of the slides involved ; 
but the general averages for whole districts are the unweighted 
means of the localities. 

Table I. — Peucextacje ^Mineral Compo.sitiox nr Volume or Eight Slides 
FROM Dver’s Qua rrv, Meledor -iS). 


Mineral. | 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

il. 

Quartz 1 

3;V7 

28*8 

30*2 

27*8 

26*5 

34*0 

20*7 

4-1*5 

Orthoclase ! 

35*3 

49*0 

31*5 

45*0 

45*3 

131 

4*9*9 

28*6 

Plagioclase ...j 

20*6 

11*7 

13*7 

18*5 

19*4 

1T9 

13*7 

15T 

Biotite 

3*7 

3*2 

7*7 

2*9 

3*2 

4-7 

3*2 

5*0 

Muscovite ' 

H. f. 

0*3 

02 

0*1 

n. f. 

0*2 

n.t*. 

n. f. 

Apatite t 

n. f. 

i 

1*2 : 

: tr. 

n.t: 

n. f. 

1 n.f. 1 

1 0-1 

Magnetite ... ; 

0*1 1 

0*2 

1 tr. i 

i tr. 1 

n. f. 

tr. 

1 tr. 

1 tr. 

Tourmaline ...| 

4*0 1 

1 30 j 

5*7 1 

i 3*6 

2*5 , 

1*8 

i 3*7 

3*3 

Topaz 1 

1*3 

3*0 

3*8 

1 3-1 1 

2*9 

2*2 

1 2*4 

3*3 

Fluorite \ 

0*7 

1 

n. f. 

t n-f- 1 

0*2 

0*1 

1 0*4 

0*1 

No. of Fields ... j 

1 

14 

18 

18 

20 1 

13 

20 

16 

14 


The addition of the eighth slide hardly afi^eeted the mean 
appreciably, and the final mean of the eight slides may be 
considered as giving a close approximation to the true composition 
of the rock. Averages were now calculated for all combinations of 
the slides, taken one at a time ; two at a time ; and so on, up to 
seven at a time. In this way suites were obtained, each contain- 
ing large numbers of av'erages, involving the worst conditions of 
sampling in the material. The criterion of sampling adopted was 
the standard deviation (that is, the error of the mean square). 
Accordingly, the standard deviations of the minerals of each suite 
(that is, for one, two, three, etc. slides) were calculated ; these 
will be found in Table II, and are plotted in fig, 3, p. 550. 










— Cfi/rvefs slioioin<f the effect of i^ampling Jjj/ slides 
from f/ pan He, JOyer'^s Quarry, JSIeledor, 
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These curves bring out two points of general interest. Where 
one slide only is available the standard deviation is naturally large, 
but the curve falls so ra^Didly that, when three slides are taken, the 
standard deviation is reduced by one half. Thereafter the curves 
tiatten, and for practical purposes the standard deviation becomes 
sensibh^ constant. Again, it will be noticed that the standard 
deviations of such constituents as orthoclase, present in large 
crystals and irregularly distributed in the slides, are much greater 
than those for plagioelase or mica present in smaller, more 
uniformly distributed units. It follows that variations in the last- 
named minerals are more signitieant than greater diiferenees in the 
first-named, especially when the number of slides is small ; and, 
hi" consideration of the smaller units, an estimate may sometimes 
be made of the value of a single slide, when nothing could be 
inferred from the larger units. 

The usual convention (based on the consideration that the 
chances are against the effect of sampling* being greater than three 
times the standai’d deviation) is to take all variations lying within 
a range of three times the standard deviation as due to sampling, 
while deviations be^^ond this range may be regarded as significant. 

Table III. — Volume Dtfperexces jsetween Localities 48 a (Contact) and 
48 (40 FEET FiJO.M Contact), Dyee’s Quaeey, jMeledoe. 


3XinevuU Difference, Standard deviation X 8. 

Quartz +4*9 7*8 

Orthoclase “2*2 10*8 

Plaj^ioclase — 2*1 4*5 

Coloured mica —2*0 2*4 

Colourless mica +3*3 2*4 

Tomnnaline —0*3 1*8 

Topaz —2*2 1*2 

Fluorite +0*6 0*3 


For example, if there be a difference of 10 per cent, between 
the amounts of quartz in two localities, and if the amounts rest 
on three slides ; then, since 10 per cent, is greater than 3 X 2*6 
(standard deviation for quartz in three slide.s), the diferenee may 
be regarded as due to some other cause than sampling. 

A practical illustration of the application of this criterion will he 
found in comparing the composition of the main rock at Dyer’s 
Quarry with that at the contact (Nos. 48 & 48 . Three slides 

of the contact-rock were available, including one from the Geolo- 
gical Survey. In Table III the differences between the j)ereentages 
for localities Nos. 48 and 48 a are set forth in the first column, and 
the second contains the standard deviations (when three slides are 
used) multiplied h^^ 3. Now, is there any significant quantitative 
difference between the granite at the contact and that 40 feet 
away ? The table at once shows that difilerences in the amounts 
of quartz, orthoclase, plagioelase, and hiotite He well within the 
limits of sampling. Muscovite, topaz, and fluorite, how^ever, sho'w 
changes lying \vell beyond these limits, and may be considered as 
significant. In approaching the contact at this point there has 
been an increase in muscovite and fluorite, but a decrease in topaz. 
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Space does not permit of each case l^eing* argued separately. 
But it will be understood that variations were compared witli 
standard deviations in the drawing of boundary-lines, etc. 
Furthermore, since rock-changes jn'oceed upon some definite plan, 
smaller variations than the limits of sampling may become signili- 
cant when each locality does not stand alone. If the variations 
from point to point are merely due to the sampling, then their 
distribution over the area will be hajDbazard. ]f, on the other 
hand, they groui^ themselves in a definite way, it is clear that 
such arrangement could not be regarded as caused by sampling, 
but must be sought for in real differences in the material. In 
such an event, the standard deviation is a test which greatly 
assists the evaluation of exceptions to the general grouping. 

Table IV (facing this page) sets forth the results of the measure- 
ments, reduced to percentages by weight, for the fifty localities 
within the main granite-mass. The difference between the weights 
and volumes involves only a small correction, and the volumes are 
omitted in order to save space. There are several species of mica 
] 3 resent, but they are grouped here as * coloured ’ aud * colourless.’ 
The nature and distribution of the types will be considered below. 

The porphju'itic character of the granite can he dealt with 
where large surfaces suitable for measurement are available, as in 
the Gread}^ Quarries. Nevertheless, some difficulty exists even 
here, for the phenocrysts and ground-mass crystals of orthoclase 
are not sharply separated as they are, for example, at Shap. There 
apx^ears to be a series in which every size is present from the 
largest phenocryst to the normal ground-mass grain. It i.s, there- 
fore, difficult to make sure that slides represent ground-mass only. 

This question of the porphyritic orthoclase chiefly affects the 
Luxullyan area. The amount of phenocrystie orthoclase was 
measured at Golden Point (No. 5) and found to be 18‘»‘l])er cent. ; 
and at Gready (No. 4) and found to he 19*8 per cent. Pound 
figures of IS and 20 per cent. resx:)eetively were taken, and the 
compositions given in Table IV for these localities have been 
corrected for this amount. It is certain that Helman Tor (No. 0) 
should also he corrected. The phenocrysts here seem smaller, and 
less numerous; hut, on the scattered lichen-covered boulders, 
satisfactory measurements could not be made, and no correction 
has been a] 3 plied. Towards the margins in this area the jfiicmo- 
erysts either disai 3 p>ear or are small in amonnt, hut easterly 
exx)osures are neither numerous nor good. This district, therefore, 
was sampled by one section, along which good exposures were 
available. The results of this section will probably give a better 
result for the bulk composition of the area, than if a number of 
specimens from unsatisfactory localities had been included. 

In the other areas the porphyritic orthoclase is less troublesome. 
The phenocrysts are much smaller and generally quite spoi’adic. 
At Foxholes a measurement indicated about I- 3 - -per cent. ; another 
at Yondertown not more than 5 per cent. These figures are well 
within the limits of slide-sampling, and corrections were not made. 
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Neai* the margins bands of closeh’"-packed, parallel phenocrjsts 
sometimes occur, chiefly in the district near Menacuddle. A g-ood 
exposure on the east side of Trenance Viaduct showed that such 
bands were thin. They were accordingly avoided in sampling, 
as there their total effect on the bulk eoinj^osition is small, and 
single samples would disturb the result. Finall}’, there are 
porphyritie rocks in which the grain of the phenocrysts is the 
general grain of the rock, and these porphyritie elements are 
embedded in a small amount of very fine ground-mass. Careful 
selection of slides from such rocks ensures good sampling, and 
they give rise to no uncertainty. 

III. The Minerals and their Distribution. 

The most advantageous way of 23resenting the distribution of 
mineral quantities and their peculiarities is by a series of maps. 
Considering the coarse-grained character of the rock and the 
fluctuations of sam^^ling, attemjits at fine contouring w'ere not 
heljiful ; hut the device de.scribed below is a ra^^id method for 
detecting the existence of deflnite grouj)ing. Each amount w'as 
compared with the arithmetic mean foi’ the wfliole series (col. T, 
Table V, p. 554). If in excess of the mean a plzis sign, and if 
in defect a mi nits sign, was jilotted at the locality. Boundaries 
were then drawn enclosing the .s’ quantities. These boundaries 
are shown by heavy chain-dotted lines in the maps, and the plus 
sign indicates the side on which the quantities are greater than 
the mean. Exce^Dtions to the groupings ai*e sho\vn by small circles 
instead of dots. Such grou]3ings of value with res 2 )ect to the 
general average will be designated grouj^ings of the first 
order. 

Quartz. — Throughout the whole district the quartz j)ossesses 
the chax'aeters usually met Avith in granites, hut in places a feAv 
jieeuliarities are developed. Quite large patches of quartz, when 
23resent, in most case.s are resolved microscopically into aggi'egates 
of smaller crystaLs. Occasionally, howevei', single crystals are 
found sometimes so much larger than the general grain as to merit 
the term ‘ j^henoeryst 

Slight strain-shadows are usual, and onlj'" absent from grains 
enclosed in orthoclase. In the Luxullyaii area frequently, and 
elsewhere occasionally, the quartz may present idiomoiqfliic out- 
lines to the orthoclase. Cracks in the quartz are, as a rule, quite 
irregular;, but some examples exhibit a pattern, with a crudely 
rectangular arrangement, doubtless due to the impertect rhomho- 
hedral cleavage. Exam}Dles were seen at Gready and Tregargus 
Mill, but the feature does not appear to he confined to special 
localities. 

The larger inclusions in quartz may consist of any other rock- 
mineral, while the bulk of the moi'e minute inclusions is made up 
of fluid-filled cavities (with hubbies, etc.). These may be so small 
as to be almost irresoh^able under high power, but may be as 
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liirge as 0'02 nun. in longest duiineter. Tlu* larger inelusion- 
eavities do not appear to favour definite areas. In the Luxullyan 
area rutile-needles were oecasionallv met with, though not detected 
with eertaintj^ elsewhere. More numerous aiv minute liipyramids 
of zircon, commonest towards the east, hut ]>res(‘ut ui most 
localities. Various modes of arrang-ement of theiuinuti* inclusions 
are found. (Generally they are linear, as in most gi*anitic ipiartz. 
In some areas, especially St. Stephen's, they are iiresent iiniformlv 
distributed a.s dust. More rarely, they are segregated into wicle 
dense hands, which divide the quartz into irregular ]>olygons. 

Taule V. — Mean Mineual Composition or Ukanites. (XV'Em iit i'er cent.') 


Mineral, 

1 1 

II 

Ill 

IV 

\' ! 

VI 

VII 

Quart/. 

32-6 

31*7 

33-H 

29*9 

31*9 

24-4. 

22*6 

Orthoclase . . 

.; 34.* 5 

37*3 

31.-1 

33-7 

10*2 

36-2 

10-7 

Microcline 

.; tr. 

1 - 

— — 

20'.". 



Plag'ioclase . 

.; 19-2 

1 10*5 

18T> 

22 -U 

20-2 33*6 

1.6-8 

Biotite 


7*6 

— 

— 

11*9 

.■)*.S 

t>*S 

Lithionite ^ ^ , 

8*8 — 

— 

— 

— 

Muscovite .... 

.j 4*5 

3*4 


4’ 7 


~ 

Hornblende . 

— 

1 

— 

~ 

— 

2-9 

Magnetite .... 

.i 0*3 

1 0*4. 

0*3 

0*1 

U-4. — 

2*2 

Apatite 

0-3 

! 0*4 

0*3 

0*1. 

0*2 

— 

tr. 

Cordierite .... 

. 0*3 

; 1*4 

0*1 

0*2 

— 


— 

Audalusite . 

. ' tr. 

tr. 

' 

- 

— 


— 

-- 

Tourmaline .. 

1-8 

1*2 

2*4. 

0*8 


... 1 


.' 1'4 

0*1 

1*6 

1*7 









Plnovite . 

. 0*4 

tr. 

0*1 

1*5 










I = St. Austell Grvsinite ; mean of all localities and typos. 

H = St. Austell Granite; mean of biotite-nuiscovite type. 

JIl — St. Austell Granite; mean of lithionite typo. 

IV = St. Austell Granite; mean of p:ilbei*tito t^'pe (petun/ite). 

V = Alkali-Granite, Rubislaw, -Aberdeen. 

VI = Biotite-granite, Wasdale Head, Shap (A. Holmes, * PetroGrai>liic 
Methods & Calculations* 1921, pp. 30i-9o). 

VII =«= Hornblende-gi’anite, Mountsorrel. 

The number of inclusions varies enormously. No numerical 
estimate was made ; but, speaking generally, tlie quartz is most 
crowded with them in the St. Stephen’s ai’ea, and least so in the 
Luxullyan area. 

The mean percentage weight of quartz for the wliole granite*^ 
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mass is 32*13. If l)oundarY-lines are now drawn between those 
localities with quartz in excess of this amount and those with 
values below it, it will he found that the quantities are not dis- 
tributed in haphazard fashion, but fall into very definite groupings 
shown in the map, fig. 2 (p. 54S). The boundaries are drawn in 
thick ehain-dotted lines, and there are only four exceptional 
places. Of these Xos. 10, 25, and 50 cannot be regarded as real 
exceptions, since the difpiu-ences are well within the limits of 
sampling; while No. (3 on Helman Tor would probably conform 
if allowance had been made for the presence of phenocrysts of 
ortlioclase. 

Now, none of the areas so delineated show any ]‘elation to the 
houndaries of the granite-outcro]». The mass is divide<l into a 
series of broad belts, exhibiting a rough i)arallelisin with axes 
directed more or less west of north. There are three positive areas 
alternating with iiegativ(‘ areas. The first ]K>sitive zone occupies 
the Uetew area, the second lies at the western end of the Hens- 
harrow area, while the third oeciqdes the easteiai end of this area 
and the south-western part of the Luxullyan area. The whole of 
the St. Steplioids area is a negative holt. 

Orthoelase. — Several kinds of mouoclinic felspar are })robahly 
present in the granite ; hut the dominant typo is perthite, of which 
the large jdienocrysts are formed. In the Luxullyan area the 
albite patches are relatively large, and the alhite lanielhe may he 
distinguished without difiiculty. In the Hensbarrow district, 
where not obscured by alteration, the albite ]>ateht‘s are finer, 
while in the St. Stephen's area the orthoelase often apjpears to be 
more homogeneous. The orthoelase includes and moulds most of 
the other minerals, and a long ]jeriod of crystallization is indicated. 

Greenish aiiorthoclase was discovered in the granite of Gready 
by Mr. T. 0. F. Hall.^ T have not found this mineral in .speci- 
mens from other (puirries. At St. Mewan Beacon, however, 
associated with the perthite is a felspar showing the nearest 
approach to the crtiss-hatching of microcline that I have found in 
the area. The sections of this mineral are much more irregular in 
shape than the perthite, but the cross-hatching is of finer grain 
and less regular than that in good microcline, although more so 
than that in the anorthoclase at Gready. 

The orthoelase, even apart from surface- weathered specimens, 
has always suffered some <legree of alteration. In the Luxullyan 
area this does not amount to more than a slight cloudiness. In 
the Hensbarrow area, t)n the other hand, the orthoelase is almost 
opaque by ordinary light, and snow-white by ]*etlected light, on 
account of extensive alteration. In the St. Stephen's area the 
orthoelase may sometimes he fairly fresh : it is often, however, ex- 
tensively altered, as Dr. Flett noted, sometimes to kaolin, but more 

^ * Beport of an Excursion to the St. Austell District (Cornwall) ' Proc. 
Geol. Assoc, vol. xxvi (1915) p, 40 & pL v, fig*. A. 
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characteristically perhaps to ivhite mica. Otteii -whole areas o£ 
orthoclase are replaced by scaly aggregates ot‘ muscovite. 

Orthoclaso always forms the largest crystals present, and it is 
also the dominant mineral in the general average, amounting to 
84-5 per cent. In the map (fig. 4) it is seen to group itself in a 
regular manner on application of the method already used in the 
case of quartz. Exceptions over half of 1 per cent, are indeed 
somewhat more numerous, hut in no case does the variation exceed 
the probable limit of sampling. In general, the belts for quartz 
and orthoelaso coincide : the negative <]uartz-areas being also 
positive orthoclase-areas. There is one excojjtion, foi* the western 
negative orthoclase zone is extended ov'er the whole of the St. 
Stei:)hen'’s area, and this area is, therefore, a zone where both 
quartz and orthoclase fall below the general average. 



Plagioclase, — Complete examination of the slices reveals the 
presence of two rather sharply contrasted types of plagioclase. 
One of these is confined to the Luxullyan area" It occurs "in large 
crystals, strongly zoned, and centrally altered. The refractive 
index of all the plagioclase is less than that of the e-ray of <|uartz ; 
hut in some zoned crystals, situated at the edge of "a slice, the 
centres had refractive indices higher than Canada balsam. Where 
good sections parallel to (010) were present, the extinction at the 
centre was either nearly 0 or a small negative angle, but increased 
to a large positive value at the extreme outside zone. The 
maximum extinction-angles of the albite lamellae confirmed these 
I’esults, indicating that the centres have a composition nearly that 
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of aiidesine, varying outwards to that of pure albite. The hulk 
composition of these zoned felsj^ars is j)robably that of a somewhat 
acid oligoclase. 

The second type of plagioclase occupies the remainder of the 
granite-mass. It has a mean grain considerably smaller than 
the Luxullyan ])lagioclase ; it is not zoned, and, when altered, the 
products are distributed uniformly. The extinction -angles are 
greater, and on the whole increase westwards. A fels]>ar con- 
taining hut a very small proportion of lime is indicated, and in the 
St. Stephen’s area angles approaching those of pure albite were 
fretiuently obtained. 

The eliief alteration-product appears to he mica. Tlie Liix- 
ullyan crystals have quite fresh margins, and the mica-flakes can 
he detected in abundance in the central zone of intense alteration. 
In the Hensbarrow area the plagioclase is genei*ally cloudy, and 
mica-tlakes appear parallel to the directions of cleavage ; hut the 
plagioclase is much less afected than the orthoclase of the area. 
In the St. Stephen’s area the plagioclase is often very fresh, and, 
when it is altered, mica again ])lays a part. 

Plagioclase amounts to 19*!2 per cent, in tlie general average. 
After grouping the values on a map (Hg. o, p. ooG) we find two 
zones in which plagioclase is above the average. The westernmost 
of these lies entirely within the St. Stephen's area, coinciding with 
a belt of low quartz, and with part of a belt of low orthoclase. 
The second zone forms a narrow elongated strip immediately east 
of Hensbarrow. At St, Mewan Beacon (No. 32) the variation 
is greater than the probable limits of samj^ling, and may be 
significant. 

Micas.— -The micas are, in some respects, the most interesting 
minerals. They have been tabulated in two classes — coloured and 
colourless — according to their appearance in thin section. There 
are at least four species ])resent, which will now he described under 
the names biotite, lithionite, muscovite, and gilbertite. These 
varieties (as will be shown below) have a definite areal distribution. 

In addition to their general characters, the apparent axial angle 
{2hj) was determined in ail suitable sections, and on cleavage-flakes 
from the hand-specimens. The angles obtained were very variable, 
even in good basal sections among tbe same types of mica ; but 
eacb type bad a fairly cbaracteristie range of values. 

The biotite is confined to the Luxullyan area, with two 
exceptions : namely, Carnsmerry (No. 14) and St. Mewan Beacon 
(No. 32). The biotite has very strong absorption, a deep reddish- 
brown colour, and is crowded with pleochroic haloes. In every slide 
there are always some crystals partly chloritized. The apparent 
axial angle in the cleav’^age-flakes and sections varies from 12° up 
to 1:5°. In the absence of chemical evidence it is, of course, not 
denied that this mineral may he lithia-bearing : but its optical 
characters most closely resemble those of ordinary granitic biotite. 

The lithionite type of mica is confined to the HenshaiTow 
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and Ketew areas. It is distiiigiiisbed in general ai^pearanee from 
the hiotite by a. jjaler colour, with a, reddish -yellow rather than 
reddish-brown tinge, passing at times into a pale yellow. Pleo- 
ehroic haloes are less numerous, ami, further, the lithionite, even 
in the most Aveathered surface- spec iniens, is never ehloritized. 
The colour in thin section shows every gradation from exam^des 
Avith moderately deep tints to those that are completely colourless. 
Sometimes merely a faint Hush is discernible as avc rt)tatc the 
polarizer, and in other eases the only signs of colour are pleoehroie 
haloes and irregular pleoehroie areas. The Hakes ina\' be bleached 
at the margins, or the colour may ha\e a A'ery patchy distribution. 
Some examples are clear and limpid, while others liaA'e a dirty or 
dusty appeai-ance, Avhether because of niiimte inclusions or of 
some kind of alteration 1 Avas unable to determine. The apparent 
axial angle has a wide range of values, and ap^X'ars to deeroase 
Avith depth of colour. The more deeply coloured Hakes giA^e an 
angle of about 30", AAdiieh increases up to o4° in a variety colourless 
in thin section ; Avliile the pale A’arieties give angles betAN'cen 40^ 
and 46*^, The angle of lithionite, according to Dana, is 50°. 

The mica within the liensbarroAv area, except for small amounts 
of secondary iniiscovito, is to be regarded as of one kind. The 
distribution of the more deeply coloured types is not very regular, 
and all that can be said is that the pale and colourless Aairieties 
are more frequent neaj- the margin : as, for exam 2 >le, at Hensbarruw 
Beacon (No. 18), or at Trenance A^aduct (Nos. 24 to 28). 

True primary muscoA’ite is practically conHned to the Luxul- 
lyan area, Avliere it is intergrown with the hiotite. A little occurs 
associated with biotito at St. Mewaii Beacon (No. 32), and also at 
the contact in Dyer's Quany, Meledor. 

The St. Ste 2 ')hen’s area has a peculiar mica Avith siNery lustre 
determined by Dr. Flett as gilbertite. It is colourless, and in 
thin section no haloes Avere seen. This isj^artly, but not altogether, 
due to the colourless medium, for high-i^oAA^er examination shoAved 
that highly refractiv'e inclusions Avere scarce. The apx)arent 
axial angle Avas small AA’hen comjmred with that of muscovite. In 
general must good cleaA'age-Hakes gaA’e A^alues between 23° and 
30°, but A’-aliies as high as 45° Avere obtained in some Hakes from 
Tregargus Mill. 

The distribution of the types has ah-eady been considered, and, 
owing to their A^ariety, the total quantity of mica present without 
regard to type has been j^lotted on the ina}) (Hg- 0, y >- o 5S). On 
grouj^ing the values in relation to the general a Average of 9*2 
per cent., I discoA'cred one large ^jositwe belt, stretching from the 
Biver Fal to Holman Tor, Avith two A’-ery small groups along 
the soutli-eastern inai-gin of the granite-mass. Only one excep- 
tion ajjpears Avithin these groups : namely. No. 27 ; but its diver- 
gence is not significant. Some relation to the boundary of the 
granite exists, and the mica-zones are differently orientated from, 
and cut across the belts of the minemls already- mapped. 

Attention has been drawn to fluctuations in the number of the 
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j^leocliroic lialoes. In order to obtain a quantitative idea of the 
variation, 1 counted the imiiibers present in each slide, and, so as 
to facilitate comparisons, these were reduced to a common basis 
by expressing’ them as the number ]>er square millimetre of biotite 
(or lithionite). Tlie values t)btiiined are given in Table IV 
(facing ]>. oo2j as ‘number of haloes'. As might be expected, 
the distribution is somewhat irrcgidar. When mapped they show 
no relation to the mica-zones of lig. 0 ; nor any striking corre- 
spondence with depth of colour. They are most numerous in the 
Luxullyan area, where the biotite is often so crowded with them as 
to defy enumeration. On the whole, desjnte some high values, they 
decrease steadily westwards, being absent in the St. Stejdien's area, 
in the Ketew area they reappear with the lithionite, *and are most 
numerous at Melangoosc (No. 50). 

Iron-oi'es. — These are mainly magnetite, with occasional red 
}jatches ‘and stains of Inematite. Very little pyrites was seen. 
In the Luxullyan area the magnetite is well .shaped, and occurs 
in large grains mainly associated with aggregate?j of biotite. In 
other areas the grains are smaller, more widely distributed, and 
less regular in shape. The average percentage is 0*3, and, when 
the deviations from this are plotted, two high zones are found. 
One includes the wdiole of the Luxullyan area and some of the 
localities on the west, and the other is situated immediately west 
of Hensbarrow Beacon. The St. Stephen’s and Retew areas arc 
deficient in iron-ores. 

Apatite. — ^Two varieties of apatite are present. There arc the 
usual clear grains of prismatic habit, associated with biotite-aggre- 
gates in the Luxullyan area, and more commonly with plagioelase 
in the other areas. In the St. Stephen’s area a more uncommon 
variety is met with : it occurs in comparatively lai’ge, irregularly 
shaped masses showing indications of a cleavage, and has a dusty 
appearance, or is almost ojmque with inclusions. It appears to 
have crystallized, or rather to have finished crystallizing, at a 
somewhat late stage, since it may bo found jjarily enveloping 
felspar. Its ojjtical properties agree with apatite, but this deter- 
mination was confirmed mierocbemically. 

Apatite amounts to 0*3 per cent, in the general average, and 
the mapped values indicate two positive areas. One is a long 
narrow belt streteliiiig north-eastwards from Kestowrack (No. 40) 
to Moliimis (No. 9), lying entirely within the large ]>ositive mica- 
zonc (fig. 6, p. 558). The other is a small zone in tjie centre 
of the Luxullyan area. Except for three isolated value, s, the 
remaining localities are below the average. 

Coiita ct -minerals. — Andalusite occurs sparingly in the 
Luxullyan area associated with the cordierite, and is described 
by Dr. Elett. Outside this area it is not found within the main 
mass. Andalusite is, however, abundant in the satellite mass 
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at St. Deniri, where it oceiirs in .small grains which are always 
pleochroie. Some cordiorite is present, and this is a 2 >parently a 
new locality for andalusito, 

Cordierite of the well-known habit now associated Avitli this 
district is eoiitiiied to the Luxullyan area. There is no fresh 
cordierite, nor any similar pseiidomorphs, outside the limits chosen 
for this area ; hut it is ])resent at eveiw locality within the ai*ea. 
In the Hensharrow area, however, there occur small six-sided or 
rectangular grains of erv]>tocrvstalline micaceous niaterial, re- 
sembling* ijinite from the A'osges and elsewdiere. These psciido- 
morjihs are not similar in shape to the topaz-grains, nor is the 
structure that of mica-rej^jlacenients after topaz. These small 
pseudomorphs, therefore, have been somewhat doubtfully measured 
as ‘ cordierite ’ ; but their amount is generally quite small. 

P n e u m a t o 1 y t i e mineral s. — The tourmaline found in the 
slides has the chanicters and relations of the type generally 
believed to be original. There is, in addition, a little obviously 
secondary tourmaline, in the form of prussian-blue needles and 
grains- Colour-zoning is sometimc.s observed, either as different 
tints of the same colour, or oceasionalh^ as zones of brown and 
blue. The sequence of the bands follows no general law. and 
shows no rhythm. The crj^stals are rarely idiomorphic, and then 
only tow’arcis quartz. Prismatic sections, whether of imixiary 
prism or of secondary needles, always show a rough basal parting. 
When secondary tourmaline is replacing mica, this jjarting bears 
no relation to the direction of the mica-cleavage, nor is there any 
structure present, such as Mr. D. A. MacAlister obseiwed at 
St. Agnes Head, representing it.^ Haloes are often present in 
the tourmaline, but are far less numerous than in the associated 
coloured mica. 

1*8 per cent, of tourmaline is present in the general average. 
It is distributed in belts similar to those of quartz and orthoclase. 
Primary tourmaline is totally absent fi'om the St. Stephen's area, 
although there are a few occurrences of secondary needles. The 
Hensharrow area is occupied by a positive belt ; but in the Luxul- 
lyan area the tourmaline is genei-ally below the average. 

The percentage amount of topaz in the general average is 1*4, 
and its distribution presents a distinct relation to the granite- 
margin, for the i^ositsive groups are arranged as small festoons 
along the outcrop. However, .there is not a complete mai’ginal 
zone, for negative values occur in places along the margin (fig. 7, 
p. 558). In the Luxullyan area topaz is practically absent, but 
high values are found in all the other areas. 

Fluorite, except in traces, is confined to the western part of 
the St. Austell granite, and in the general average amounts to 
0*4 per cent. Noav, all localities containing over 1 per cent, of 
fluorite, Avitli the single exception of Ho. 30, are to be found within 

* ‘The Geology of the Oounti*y near Newquay’ Mem. Geol. Surv. 19QG, 
p. 38. 
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the boundaries of ^vllat 1 have dellned as the St. Stephen's aj’ea 
(fig. 7, p. o58). In this district tw'o types of rock are recognized 
ill the china-stone quari*ies, one with, and one without fluorite ; 
but the relative pro})OJ*tions of tlie two could not be detenuiiiGd. 
Most of tlie localities are represented by slides of both types ; 
but, in slides of tlie ‘ purple ' variety only, fluorite bulked often as 
largely as 7 per cent. 

The Huorite is secondaiT, though it is not at all clear what 
mineral it replaces. vSniall grains are found in micas and felspars, 
sometimes in the heart of the crystals, soiiietiines at their edges, 
and often arrang’ed along cleavages or cither lines, Some 22<S 
occurrences of the iniueral were eounted, and they were situated 
as follows: — 9J) eases in mica; 09 in ortlioelase; 54 in ]>lagioclaso; 
and 0 cases in quartz. PJach single ‘ host’ crystal was counted as 
one oecurrencOj although it might contain a dozen grains of fluorite. 
It is not easy to see any chemical reasons for this order of .selection, 
and the preference shown to iniea may he merely due to its greater 
penneability. 

Finally, the investigation of the lirst-order grouping of the sum 
of the piioumatolytic group of minerals shows two belts of high 
values (fig. 8, p. 558). One occupies adjacent parts of the "iJetew 
and St. Stephen’s areas, and is mainly d\ie to topaz and 11 norite. 
The second is in the Henshai'row area, stretching from Watch 
Hill to .just above Hensbarrow Beacon, and is mainly to]>az and 
tourinahiie. Both these zones have a south-westerly and noi’th- 
easterly trend, and possess this feature in common with tlio 
principal lodes and the china-clay pits.^ It must he emphasized, 
however, that the tourmaline and topaz of these granite-belts arc 
minerals of the pxaiiiary crystallization, and tlms wc have an 
indication that the main lines of pneumatolytic activity were to 
some extent determined, even before the complete consolidation of 
the granite. 

lY, CojrjieijATions a.mo2su the MineuaLvS. 

At different times correlations have been s\iggc‘stcd between 
such pairs of minerals as biotite and tourmaline, and one of tlie 
objects of this enquiry was to provide a body of data wliex’ehy 
these relations might he investigated and tested. 

Quartz and felsjnirs. — When values were plotted on the 
maps, a striking antipathy between quai'tz and orthoclase was 
noticed. Natxirally, the principal iniiici'aLs will Muctuate inversely 
one to the otliei*, hut there ajipcarcd to be something more than 
this. The high zones of oidhoclase and (piartz interdigitato so 
pei'sistently, that a hig*h eorrelatioxi a])])eai'ed evident. On this 
account the correlation-coefiicient f(»r these two minerals was 
calculated, with the following results : — 


OoiTelatioii-coelficient — 0*00 

Probable eiTor of coefficient O' 05 


^ ‘ The Oeology of the Country around Bodmin & St, Austell ' Mem. Geol. 
Surv. 1909, map, p. 108, 
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Evidently, a high negative eorrelation does exist, and it follows 
that increase in orthoelase is accompanied by a corresiDonding 
decrease in cpiartz. and conversely. 

j^Cow, the two felspars might be expected to behave similarly 
with regard to quartz, and one would expect g’Ot)d correlation 
also between quartz and jdagioelase. The following are the 
calculated results : — 


Correlation-coefficient, quartz ainl iilagioelase — 0*2G 

Probable error of coefficient 0*09 


There is, indeed, a small negative correlation ; but, for some 
I'eason, the fluctuations of quartz are more dependent on those of 
orthoelase than on those of plagioclase. 

Biotite and tourmaline. — The ease of the.se two minerals is 
of esi^eeial interest, for it has been discussed where ver Cornish 
granites have been inve.stigated. Mr MacAlister ^ held, at least 
for the granite of St. Agnes Head, that tourmaline actually 
I’eplaees biotite. Dr. Flett - is more cautious in reviewing the 
matter in connexion with the St. Austell mass, and says : — 

• It is evident that the schorl is a primary mineral to a larg’c* extent, and 
though it may represent biotite, it does not replace it in evoiy ease.' 

F'irst, dealing with the district as a whole and assuming that 
the pale gllbertite of the St. Stephen’s area represents the lithionite 
elsewhere, the calculation gives — 

Correlation- coefficient +0*04 ; probable error 0*09. 

There is, therefore, no correlation at all under these conditions. 
Secondly, excluding the gilbei*tite values of the St. Stephen’s area, 
and taking into account only the coloured micas, we have the 
following result : — 

Correlation-coefficient -— 0*2; probable error 0*09. 

Consequently, a very small, but definite, negative eorrelation does 
exist between biotite and tourmaline ; but the latter can only be 
regarded as representing the biotite to a very slight extent. 

Topaz and a n dal u site. — The suggestion that the topaz of 
St. Austell is equivalent to the andalusite so common in other 
Cornish granites is due to Dr. Plett {op. cit. p, 58). The data of 
the present investigation go far to confirm it. Consider, first, the 
quantitative conditions as summaHzed in the following table : — 


District. 

Cordierite. 

Andalusite. 

Topa::. 

Totals. 

Luxullyan 

.... 1--4 

tr. 

0*1 

1*5 

Hensbarrow and Retew 

... 0*1 

n.f. 

1*G 

1*7 

St. Stephen’s 

.... 0-2 

n.f. 

1*7 

1*9 

St. Denis 

.... 0*5 

1*1 

n.f. 

1*G 


1 ‘ The G-eology of the Country near Newquay ' Mem. Geol. Surv. 1906, 
p. 38. 

‘The G-eology of the Country around Bodmin St, Austell’ 1909. 
p. 59, 
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It becomes evident that topaz onl^- oeeurs in quantity when the 
minerals ot* the contact-group are practically absent. Moreover, 
the amounts of contact-minerals and the topaz closely c()rres])ond. 
It is clear, therefore, that negative correlation is practically 
perfect. 

Secondly, it will be' recalled that, in the ])riinary grouping 
of the minerals on the map of the district, tlie distribution of 
topaz differed from that of otlier minerals in being clearly related 
to the margin of the granite. And, if the topaz is ]>artly the 
result of assimilation of sediment, then wo should naturally e.xpect 
it to increase somewhat towards the margins ofc* the mass. Conse- 
quently, on the whole, the topaz may be regarded as largely a 
contact-mineral representing* tlie andalusite of other districts, as 
Dr. Flett maintained. 

V. STRt’OTirilE AXn Oil ATX. 

When speaking of the ‘ grain ’ of a rock, it is far latter to have 
some quantitative value in mind than to rely on such \*ague 
expressions as ‘coarse' and ‘line’ grain. In choosing such a 
measure it is necessary to decide whether all the minerals sliall 
be measured, or one only. If all the minerals ai-e taken into 
account, in what way are we to express the result? And, if one 
mineral is to be used, which is likely to give tlie most useful 
result ? No accepted method seems to exist, but the matter is 
helped by Mr. J. A. Howe's ^ conclusion that, if one mineral is 
large, all" the others tend to be so too. In order to see whether 
this statement could be applied to the rocks under investigation, 
the princii^al minerals in a few slides from different parts were 
measured. It was found that the mean diameters of (piartz, 
orthoclase, and plagioelase genomlly did correspond, but that the 
size of mica-liakes remained more or le.ss constant throughout. 

In view of this result quartz was finally chosen as the minei'al 
upon which to base measurements for the grain, because among 
the principal minerals it gives the nearest approach to an equi- 
dimensional unit. The following conditions were observed : — 

(rt) Where the quartz occiu*red in the aggregates cleseribed above (p, 553) 
the individual grains were measured (between erossorl nicols), and 
not the size of the aggregates. 

(6) The mean of the greatest and least diameters was taken. 

(c) The measurements were tabulated and counted at milli metre-intervals : 

that is, all lying between 1 and 2 ram. were counted as 1*.'> mm., and 
so on. For sizes less than 8 mm., however, smaller intervals were 
used. 

(d) The interval, or grade, containing the greater number was adopted as 
the grain for the locality : in other words, the mode of the measure- 
ments was adopted, and not their arithmetical mean. The rao<le has 
many advantages for the purpose. First, a certain amount of time is 
saved by avoidance of routine calculations ; secondly, the most nume- 
rous size is a better measure of gi-aiii than mean size ; and, thirdly, if 

I ‘ The Geology of Building-Stones ' 1910, p. 49. 
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the rock porpliyritic with a ground-mass of finer grain, this fact is 
brought out at once by the freqiiene 3 " method (for two modes are 
shown on counting’J. whereas an arithmetical mean would conceal it. 
The quartz-grain so determined is tabulated for each locality in the 
bottom row of Table IV (facing p. 552) as ‘ grain in mm.’ 


When these values for tlie quartz-grain of the rock are mapped 
(Ug. 9, p. ooS), it l)eeomes evident that the different areas have 
different characteristics. Specimens from the Ijuxullyan area 
show grain that may bo more than twice the size of that noted 
elsewhere. Its genei*al value is about 2*5 mm., but marginal 
s]jeciniebs yield soinewhat smaller values. In the Hensbarrow area 
the grain is more variable, and ahvay.s much smaller. Its geneml 
value may be taken as 1 mni. ; but, especially towards the margin 
of the granite-outcrop, it is still smaller. The St. Stephen’s area 
differs from the otliers, for the gi*ain is sensibly uniform tbrougli- 
out ; the marginal specimens do net differ from the more central. 
Tlie general value of the quai-tz-grain in this area may be taken 
as 1*0 mm. The grain in the Hetew' area has a low' value, and is 
about 0*5 mm. The grain, then, is coarser in the central parts, 
and finer towards the margin of the granite-mass. 

Several types of structure are to be distinguished. There is 
the typo which has been conveniently called ‘ granite-poi*phyry \ 
found in the Luxull^qin area, Avith large perthite-plienocrysts 
and a coarse hypidiomorphie ground-mass. Secondly, we note 
the usual granitic structure with .«mall sporadic phenocrysts, 
cliaraeterizing the larger portion of the remaining areas. In 
addition to these, and always marginal, appears a porj^iyritie rock 
Avith a microgranitie ground-mass : as, for example, at Chytane, 
Hensbarrow Beacon, and near Trcnanee Viaduct. The phenocrysts 
comprise all the minerals, and are of the same grain as is found 
in the central parbs of the area ; Avhile the ground-mass, consisting 
chiefly of (piartz and felspar, is much finer. Associated Avith this 
type in the Ti-enance district are thin bands made u]o almost 
exclusively of elongated perthite-jdienocrysts, shoAving Hoav- 
structure," and generally, but not inA’ariably, arranged ixirallel to 
the margin. 

T'he order of separation of the minerals has been elucidated by 
Dr. Flett, and I have little to add to his notes {pp, cit, p. 58). 
So far as the normal minerals are concerned, it is (1) iron-ores 
and apatite; (2) micas; (8) jdagioclase ; (4) orthoclase ; and 
(5) quartz. The obseiwer is, however, struck by the astonishing 
degree of OA^erlap in the periods of crystallization of the minemls. 

Dr. Flett also shoAved that the jineumatolytic minerals-— tourma- 
line and topaz — Avere at least largely primary, and exhibited long 
periods of crystallization, beginning shortly after tlie biotite. The 
bulk of these minerals appears to me to haA’e separated^ just before 
the main crystallization of quai*tz. SeA^en cases of idiomorphic 
tourmaline were noted, and of these three were idiomorphic to 
orthoclase and four toAvards quartz. Finally, the miner-als of the 
contact-group commenced shortly after the micas. 
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Little cliffereiiee in the order of separation can l)e detected 
between the different areas. Tlie same order is ovneral throughout 
the mass, except in the ease of apatite, and, ])erhaps, zircon. In 
the St. Stephen’s area the apatite »)eeur.s in large irregular grains, 
and is more abundant than is usual in granites. 'L’liese plates are 
found moulding felspars, or gatlu'rtal into irregular aggregates 
formed later than the felspars. Zircon does not a])j)eai* to he so 
common in thi.s area, and is oftenest found in quartz. 

Slight strain -effects are shown in practically every .slide. Tli(‘ 
quartz always has some strain-shadows, (‘xeept, as stated above, 
when enclosed in orthocla.so. In this east^ the host douhtless 
protected the inclusion from pres.s\n*e. iNrori‘ovei’, <|uartz-grains in 
aggregates commonly liave siiture-strnctniv' dt‘\'elo])ed. Secondary 
quartz, however, is always water-clear, and never shows these 
phenomena. Finally, mica-llakes are occasionally hent. It is 
dittieult to estimate the strength of the strain-elTects : hut, hy 
comparison of slides, the amount of strain n]>pears to increase 
towards the margin and to he least in the Lnxullyan area. 

VI. Thk Bocic-Tvpks axj) their DisriuiiUTiox. 

Earlier in this paper the gTanit(‘-mass was tlividcul into four 
areas, which had been found to eorres])ond (pialitatively and 
quantitatively to different rock-types. 'Idiis will have been more 
or less apparent in the preceding discussion, and it is now 
necessary to consider these rook-t 3 q:)es and their relations. The 
rocks have been priinarilj^ separated by means of the dominant 
types of mica present into (a) biotite- muscovite -granite, 
(J) lithionite-granite, and (<?) gilbertito-granite. The mean com- 
position of these types will be found in columns 11, Til, <Sz IV 
respectively of Table V (p. 554). 

(n) Biotito-museo vite-granite. — Tliis t^qje is characterized 
h^- a biotite, with deep red-brown colour, strong pleoehroism, and 
small axial angle. It is somewhat chloritized, and always inter- 
grown Avith muscovite. In the main gTanite-mass this type is 
confined chiefly to the Luxull^Aan area. The apatite occurs in 
small, clear, idiomorpliie grains. The plagioclase is an acid oligo- 
clase in large strongly- zoned eiystals with intensely’" altered centres, 
while the perthite is fresh. Brown tourmaline is present in some 
abundance, hut there are onl^” traces of topaz and fluorite. 
Contact-minerals are represented by abundant cordierite, associated 
with a little andalusite. The rock is coarse-grained, coarselj^ por- 
jfiyritic, and is noteworthy’' for croAvded pleoeliroic luiloes around 
zircons enclosed in the biotite and, to a less extent, in the tourmaline. 

Besides the Luxullyan rook there are two very small areas of 
biotite-granite within the Hensbarrow area : nameiyq at St. Mewan 
Beacon and Carnsmeny, These rocks are of finer grain and 
practically n on-por 2 ‘)hyritie , 
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(7j) L 1 1 h i o n i t e - g r a n 1 1 e. — I f we exeept a li ttle seeondaiy 
lunscovite, the only nhea ]>ivsent is pale litliionite. Jn thin section, 
its colour varies tnnii a niecUnni rtMldish-hrown to CMjlonrless. The 
ajtparent axial an^'le is variahle anti generally large, but often 
much smaller, ap])roaehing that of the biotites. Marginal 
bleaching occurs, but the mineral is iKiver chloritizecl, while the 
])leochroic haloes are much less numerous than in the biotite of the 
Luxullyan area. The mlcroperthite is altered. The plagiocdast^ 
has extinction-angles indicating a composition not far removed 
from albite, but with some content of lime-felspar. It is never 
zoned. Topaz is abundant, cspeciallv near the granite margins, and 
brown tourmaline is present in most localities. Apvatite occurs in 
small grains, often clear, hut sometimes crowdt^d with inclusions. 
It is found embedded in ]ilagioclase rather than in biotite. 

The whole of the Hensharrow and lletew areas are occupied by 
this type, and the rock exposcal on Belowda Beacon is similar. 
The grain is of medium size, passing into more finely granular, 
and even into microgranitic ty])es towards the margins. 

The granite of Hensbarrow Beacon itself has been mapped by 
the officers of the (Geological {Purvey as a separate line-grained 
intrusion, analog(jus t(j the fine-grained later intrusions in other 
Cornish granites. They were unable h> trace the boundaries 
exactly. My fui’ther examination of the locality reveals a rock 
that does not differ (luantitatively or qualitatively from those of 
immediately neighbouring localities, hut which (in grain) gradually 
passes into tliat of the central rock. Moreover, unlike the fine- 
grained intrusions of (for example) Carmenellis, it occupies a 
marginal situation, and is similar to other marginal types met 
with near Trenanee and elsewliere within this area. I, therefore, 
consider it to bo a fine-grained marginal facies. 

(c) Gilbertite-granite. — This type is found between the 
boundaries which I have laid down as defining the St. Stephen^s 
area, and Avhich practically coincide with Mr. J. A. Howe’s limits 
for the occurrence of ^ china-stone This granite is, in fact, the 
china-stone rock for which J. H. Collins proposed the name of 
* petuntzj^te The mica exhibits the microscopic characters of 
gilbertite, is colourless but strongly absorptive in thin section, and 
lias a smaller apparent axial angle than muscovite. The ortlioelase 
is perthite, but often considerably altered. The plagioclase gives 
the extinction -angles of pure albite — a determination confirmed by 
the mineral composition calculated from analysis (see below). 
The apatite occurs in large grains, is almost opaque with inclusions, 
and crystallized out at a relatively late stage. Fluorite in irregular 
grains* has a mean value greater than 1 per cent, in all localities. 
Topaz is generally present, but j)rimary toxirmaline always absent. 

^ See mai 3 , fig-. 2, ‘ Handbook to the Collection of Kaolin, &e.’ Hem. Geol, 
Stirv. 1914, p. 11. 

® ® The Hensbarrow Granite District’ Trtiro, 1878. 

Q. J. G. S. No, 31G. 2 q 
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The rock is non-porphyritic, -with a medium and uniform grain 
throughout, N’o ]deoc‘liroic haloes were observed, and tlie iiighlv- 
refraeting mineral grains art> rave in the niiea. 

Dr. W. Pollard luis made a eoni])lete analysis of china-stone 
from Cfoonvean (^uarryd lying a little to the north-east of 
Trethosa (Ko. 46), A dt>nhtful trace of zirconia and high values 
for phosphoric pentoxide and lluorine are reported, agr(.‘eing with 
the measured values for the minerals concerned. It is interesting 
to compare mineral com]>osition calculated from this analysis 
with the measured data. Tim procedure for calculating ^ nnnnative ^ 
minerals has been to some extent departed from, so as to make 
calculation fit in move closely with minerals known to he ]»resenl. 
The lime was allotted, as usual, to a])atite and 11 norite : excess 
fluorine was then calculated as topaz, and iinally ('‘xcess alumina 


was allotted to water as kaolinite. In other res^iects th(3 
‘normative' procedure was followed, and the results are tahulated 
below : — 

Quartz 

Orthoclase 

Albite 25-2 

Anorthite 

Apatite !’.» 

Fluorite «'1> 

Topaz 1*2 

Kaolinite 5*0 

Corundum n-T) 

Other normative minerals I’l 

Total 100-1 


The high value.s for apatite, fluorite, and topaz agree well wlam 
compared with the values for neighbouring places in 'Table lY 
(facing p. 552). It is noticed that, after these allotments have 
been made, no lime is available for the formation of anorthite, 
and this is in agreement with microscopic determinations. With 
regard to the principal minerals, quartz is slightly too high, 
orthoclase too low, and albite about correct for the ])ositi<ui of the 
sample on the map. It must be remembered, liowever, that the 
orthoclase is evidently somewhat altered, and some material must 
have been removed ; a little albite mu.st be transferred to orthoclase 
to form perthite, and some orthoclase (or the kaolin i to form 
gilbertite. If these adjustments could he made, it appears likely 
that the sample would fit into its place within the quantitative 
boundaries. 

If the throe types of granite are compared quantitati\'ely by 
means of their averages (Nos. II-IY, Table V, ]>. 554), it is* seen 
that the biotite-granite is richest in orthoclase, the lithionite- 
granite in quartz, and the gilbertite-granite in yjlagioc-lase. The 
total micas are nearly constant. In order to com)>are these 
granites mineralogieally with others. Nos. V-YII in the same table 

^ J. A. Howe, ‘Handbook to the Collection of Kaolin, &c. ’ Mem. Geol. 
Surv. 1914, p. 192, 
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< 2 ;ive the canipositions ot* t]i<* tyraniteji of liabislaw, Mountsorreh 
ami Shap. Tla* Yaln{\^ for th».* last-named are <juoted from 
J)r. A. Holmes, and sli<les of tlie others were measured for the 
])ur}>ose. 

Field ladations. — Consider first tlie relation of the hiotite- 
niuseoYite-graiiite of tlie Luxullyan urea to the lithionite-granite 
ot the adjacent Hensharrow area. In the I^en.truff series of 
<]uarries lithionite-granito is found in Mr. Vivian's (juarries, and 
the Lnxullyan tv])e at Cai-n Orey (Quarry; hut, unfortunately, no 
t‘ontaet of the two types eould be found, and these nuarries do not 
provide continuous sections. Xevevtheless, no matter how the rocks 
of the two districts are compared, they are strikingly different. 
Topographically, the lAixullvan granite forms tors, while the 
litliionite-granite is (diaracterized by rounded slopes and flat 
plateaux (such as Ijoiig'stono Downs), covered hy a mantle of 
decomposed rock. IMineralogically, the Lnxullyan rocdc contains 
hiotite and muscovite ( with the characters usual in granite and 
ab\indant lialoos ), also a strongly-zoned aeid oligoclase ; while, 
structurally, it is alwayscoar.se in grain. Jnthe lithionite-granite 
the plagiocliise is smaller, un-zoned, and nearer a Ibite in composition. 
Quantitatively, the proportions of the minerals are different, and 
there is a relatively sudden change, wherever the boundary is 
crossed, as is indicated clearly in the space- variation diagram of 
lig. 10 (p. 570 ). Tn fact, these two rocks have clearly crystal- 
lized under very different eonditioms, and are best reg*arded as 
separate intrusions. 

The micas of the Cam Crev rock are interesting. Muscovite 
and hiotite, the latter indistinguishable from that of the Lnxullyan 
rock, are })resent ; but. in some slides, tlie paler hiotite, grading in 
one and the same crystal into lithitan'te, is present. In fact, all 
three types of mica, so far as optical pro])erties can di.stinguisli 
them, are found in the Cam Grej’' rock. With respect to the type 
of mica present, then, this rock is transitional to the litliionite 
type ; but its other chameters, both mineral and sti’uctural, place 
it unmistakably in the Luxullyan area. 

The litliionite- and gilhertite-granites evidentl^^ grade one into 
the other. As we approach the St. Stephen’s area no mdical 
differences are discernible, and, moreover, the litliionite type 
reappears gradually on the other .side of that area. Structumlly 
and mineralogically, the two types are similar. The jilagioclase is 
rather closer to albite in the St. Stephen’s area, and the grain 
is somewhat coarser. The quantitative boundaries overlap to a 
considerable extent. Undoubtedly, the two rock- types are to be 
regarded as ti'ansitional and nearly, if not quite, simultaneously 
intruded. 

Quantitative variations. — Leaving the mutual relations 
of the types for further consideration later, let us examine the 
quantitative variations of the diferent areas with respect to the 
boundaxdes assigned to them. In order to define the auantita,tiv« 
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haundanes of the ininemls, we may apph^ to each area the avei'age 
for its own gTanite-tvpe, and so mark out those zones in whicli 
the mineral is present in an amount greater than its averao-e. 
These may he called groupings of the second order, so as 
to distinguish tliein from iirst-order grou]nng : that is, with 
reference to the mean for the Avhole outcrop. These new zones 
are shown on the original maps for the chief minerals hy dotted 
lines, and the positive areas (that is, those with quantities greater 
than the mean) are shaded. The values fall into delinite zones, 

Fig. 10. — 2Lhun'al -variation diaffvam on a ‘ i^j-inca basa ' across 
til a St. A It si ell fjra n i le- mass . 



which, in many cases, do not differ materially from the groupings 
of the first order. The new mode of arrangement may he hilefly 
summarized. 

lu the case of rpiartz (fig. 2, p. 5hS) each area is occupied 
by a negative group more or less centrally placed. For the 
St, Stephen’s and Hensbarrow areas these groups are well estab- 
lished ; but, although the same ten dene}" is exhibited in the 
other areas, it rests on fewer points. A tendency to the formation 
of a second negative area is also shown in the extreme north- 
east of the Hensbarrow area. Orthoclase (fig. 4, p. 550) shows 
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tlic clevelopniciit of central positive areas that almost coincide 
with the negative quartz-zones. The tSt. Stephen’s and Hens- 
baiTow areas have zones, elongated in the direction of their 
axes, of liigh j^lagioclase (hi^. o, p. ooOj, hut the distribution (4’ 
the ]dag’ioelase in the other areas is soiiiewliat indelinite. It 
may also be noted tliat a marked ]M)sitive region of Huorite 
]u-actieally eoineides witli the positive plagioelase zone of the St. 
Stephen’s area. Lastly, the micas (tig. 6r[). ooS) call for s]jecial 
mention. The second-order grouping dues not materuilly differ 
from the tii’st, but is remarkahle for cutting across the other 
zones, and showing a relation with the margins of the whole mass 
rather than with its subdivisions. 

In order to present as clearly as possible the valuation of tlie 
St. Austell granite -mass, hg. li (p. o72) has been pre}jared by 
a careful review of the lines and points of previous ma|)s. The 
district is divided into areas characterized by ([uaiititative and 
qualitative differences. There are, first, the throe main areas with 
diii’ereiit granite-types, about which much has been said already. 
The quantitative subdivision relates entirely to the averages for 
these t 3 q;>es. Where the name of a mineral is written within a 
boundary, that area contains the mineral in excess of the mean for 
its tyi^e ; and, in addition, positive areas of ([uartz arc shaded 
by lines sloping differently for regions occupied by the different 
granite-typos. Zones with a liigh content of jnieumatolytic 
minerals are indicated by their axes, and a similar device is adoj^ted 
to show the narrow zone rich in apatite. Lastly, the two small 
occurrences of biotite-granite are marked by the letters A (St. 
Me wan Beacon) and B (Carnsmerry). 

The small Ketew area of lithionite-granite shows a tendency to 
have a central felspathic zone, surrounded by a quartzose zone ; 
but the ]points are mther few. 

The larger Hensbarrow area of lithionite-granite shows a central 
felspathic region, consisting mainly of plagioclase in its northern, 
and of orthoclase in its southern part. The orthoclase-rich 
portion extends down to the southern margin of the gmiiite, where 
thin bands of elongated phenocrysts occur. SmTOunding this 
felspathic zone is a marginal one rich in quartz. In addition, 
there arc two marginal bands rich in mica : the larger along the 
north-western margin, and the smaller along the extreme south- 
eastern margin of the area. Each of these includes the axis of a 
high pneumatolytic zone, genemlly pai-allel to its own direction ; 
and, finally, the northern zone includes a long narrow strip I’ich in 
apatite, elongated in the same general dii*ection. 

The St. Stephen’s area of gilbertite-granite, largely quarried for 
china-stone, has a well-defined concentric arrangement. The 
centre is occupied by a positive orthoclase-zone, surrounded by a 
quartzose one, while there is a very narrow but central ^ area 
extremely rich in plagioclase (albite) and fluorite. Practically 



Pig. U.—Max^ emhoihiinif a summary of yraritaiivp mineral disfrihution. 




part 4] miciio;Metktc sir^r or the st. stele geaxite. o7S 

tlie whole area, except a narrow strip along the western margin, is 
covered by a positive mica -area. 

The Luxullyan area o£ bIotite-nmseo\ ite-granite lias a well- 
marked central ortlu>elase-zuiic, as is shown In" the distribution ot* 
perthitc-phenocrvsts alone. This is s\nTounded by a marginal 
area characterized by (juartz and plagduelase ; but the actual 
marginal specimens show an exceptional ricimess in biotite. Still 
more detailed work is desirable in this area, and along its junetion 
with the rock on the west. 

The rock at St. Mewan Ueaeon, besides containing biotite and 
microcline, is rich in plagioclase, which shows a distinct tendency 
to zoning. The plagioclase of the mnscovite-biotite-graihte at 
Carnsmerry also presents many of the features of that of the 
Tiuxallyan area. At Stenalees, in the Hensharrow area, a very 
felspatbie occurrence of the lithionite-granite is quarried as for 
#china-stone — the only example outside the St. Stephen's area. 

Fig. 10 (p, 570) is a space-variation -diagram, or quantitative 
‘section’ of the map from west to east, and shows the changes 
over the district in another way. It is drawn b\" having regard to 
the areas of the map and the values at adjacent pf»ints. The chief 
features to mdico are the gradual changes in passing from the 
gilbertite to the lithionite areas, and the marked tendency to 
discontinuous change in 2 ^‘^i^sing over from the lithionite- to the 
biotite-granite. 

The general quantitative arrangement in the areas, then, follows 
much the same jphan. There is a more or less central area rich in 
orthoclase, always in large 2 >hites and often as cons 2 )icuous 2 >heiio- 
erysts. In two of the areas there is a central coi*e of plagioclase, 
and in all an outer quartzose zone. Despite peculiarities, the 
micas tend to concentrate at the margins, and in the western 
jDortion coincide with zones which have a high content of 
piiBumatolytic minerals. The zonal axes are also parallel to the 
direction of the china-clay j^its and chief lodes : that is, 2 :>arallel 
also to directions of later ]pneumatolytic activity. 

A^II. HisToiii: OE THE Intrusiox-Fhenomexa. 

Now, one feature demanding preliminary attention is the 
peculiar microstrueture of the marginal phase in the lithionite areas. 
It has a ])orphyritic character, in which the jihenocrysts include 
all the minerals ; Avliile the ground-mass is always fine-grained, 
and usiially microgranitic or aplitlc in texture. Moreover, the 
minerals of the ground-mass are chiefly orthoclase and quartz. 
A careful study of these types leads to the conviction that the 
porpliyritic elements had already crystallized before intrusion, and 
had drifted into j^osition ; while the ground-mass represents the 
rapidly chilled mother-liquor in which they floated. Thus two 
periods of crystallization are indicated ; one pre-intrusive, and the 
other iDost-iiitrusive. 

The granite of the Luxullyan area is more nearly a normal 
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gmiiito in its uiiiiL*i*al c*ontc‘iit than that ot other areas. The 
outer zone, noteworthy for hiotite and plagioelase, euuld he ex- 
plained either hy Dr. A. Harker's localization of crystallization, 
or by Dr. N. L. Bowen’s conception of the consolidation of the 
iirst intruded phase. It difFers, however, as do tlie other districts, 
by having a central orthoclase-zone with a more cjuartzose margin: 
that is, by the outer concentration of a mineral of the latest stage 
of sciDaration. This feature, as will be seen, also tinds explanation 
on the grounds of a pre-intrusive crystallization. 

This c[uestion of the high negative correlation of quartz and 
orthoclase, and the marginal position of the more quartzosc zones, 
affects all the areas dealt with in this paper. vSinking of the indi- 
viduals of earlier separation does not account for the phenomena : 
for, in that case, plagioelasc should be centrally concentrated, 
especially as plagioelasc has a highe]* sj^ecific gravity than orthoclase*. 
On the contrary, there is a very small negative correlation between 
quartz and plagioclase, and their ])ositive areas overlap, even if 
they do not qviite coincide. Moreover, marked central concen- 
tration of plagioclase is seen only in the St. Stephen’s area. 
Some other explanation must be sought. Examination of geo- 
logical sections across batholiths shows the tendency to develop 
cupolas ill the central parts of the roof. This leads to the con- 
clusion that the foundering of the roof, whatever may be the 
cause, takes place from the centre of the sides. In these circum- 
stances, the magmatic stream will flow most rapidly as a central 
column, spi'eading sideways to ftll the chamber as the outer parts 
of the roof fall in ; and, where the stream is deflected at the 
roof, a sudden decrease in velocity results. If such a stream were 
charged Avith crystalline elements, including mica-flakes, small 
plagioclase-crystals, and larger perthite-jdates, it is evident that 
the check in velocity Avonkl cause a partial dropping of the load at 
this point. Despite their higher specific gravity, the thin mica- 
flakes would be carried on ; the large perthite-piates would he 
left; some of the denser plagioelase-ci'ystals would perhaj^s he 
carried forward, and some remain in the central parts. Such 
cr3’'stal-soi’ting hy streaming explains the central disposition of 
the perthites, hut it implies that at the time of intrusion into the 
present position crystallization had proceeded to some length, 
mother-liquor would then he siliceous, and the remaining products 
of crystallization would be partly orthoclase, hut largely quartz. 
If the central region Avere more completely occuj>ied hy large 
pei*thite-plates than the margins, it follows that the marginal zone 
after ^ completed consolidation will contain more quartz, so 
explaining the negative correlation between the two minerals 
that predominates in this district. 

The concentration of mineralizers in the western areas has had 
other effects besides the formation of peculiar minerals. The 
occurrence of narrow positive zones of pneumatolytic minerals 
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within tlio p()r?itivLMnit.'a-aroas dons not necessarily indicate a causal 
nonnexiun ; hut the eoiiecntration of mineralizers has, nevertheless, 
had its efFeet \i]K)n the ty])e of mica. I have already jjointed out 
that the lithionite oF the tlenshanvjw ar«‘a is soiiietinies so bleached 
as to be neai’ly or (juite colourless in thin sections; and such 
bleached iithionites occur alonn* the areas rich in [)ueumatolvtie 
minerals, at Hensbarrow IJeaeon ; at ''JVenanec : and near l^ubber's 
Works. .Finally, the St. Stej^ieids area is occupied by an es]jeeially 
rich zone of lluorine-minerals, and here the mica is entirely of tlu* 
colourless gilhertite type, doubtless closely allied to, and develoj^ed 
from, the lithionite. The eifect of the mineralizers is apj)arently 
to retain tlie silicates of iron in solution, and idtimately ]>erhaps tt) 
remove them from the granite and deposit them later in niineral 
veins. 

There remain two other phenomena, es]>ecially eharaettu’istic of 
the St. Stephen's area ; namely, the late se]>aration of an apatite 
tilled Avitli inclusions, and* the oeeurreiiee of nearly pure albite as 
the plagioelase. It lias been shown that all the lime present in 
hulk analysis is sufficient to aecuiiiit for the pliusphorie acid and 
]jart of the fluorine only, and it is suggested that the mineralizers 
have operated on the lime in much the same way as upon the iron. 
They have retained it in solution so that none was available for 
the formation of anortliite ; the temperature of separation of 
apatite was lowered, and the remainder was de^^ositcd as duorite 
in replacement in the very last stages of consolidation, or still later. 
The general evenness of gi-ain in the St. Stephen's area, and its 
somewhat greater size, when compared with the lithionite areas, 
may also he due to the further concentration of mineralizers in the 
district. 

In short, the history of the intrusion of this granite-mass, so far 
as the data permit it to be deciphered, begins in the east with the 
intrusion of a magma ])artly crystallized, and ah’eady containing 
large perthite - crystals, hut still possessing a relatively high 
temperature and involving a relatively long time-interval before 
the eompletioii of crystallization. The mica- zoning of the perthites 
])robably indicates the period of injection. The pertliite-plates 
carried up in a central stream were largely suspended at the point 
where the velocity was checked by deflection. Crystallization again 
sloAvly proceeded, both by addition to old crystals and by the 
initiation of new centres, and a coarse-grained igneous rock resulted. 
Towards the later stages the country on the east was gKiduallyand 
ju'ogx’essively invaded, and the few occurrences of biotite-granite may 
have formed the commencement of the, invasion. The new intrusive 
material had advanced farther along the course of crystallization, 
and to such an extent that some of the quartz had already begxm 
to separate. At contacts with relatively cold country-rock rapid 
crystallization of the alreadj^ cooled residual liquor took place, 
embedding the earlier crystals in an aplitic ground-mass ; while, in 
the more central pa ids, the further crystallization proceeded rather 
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additions to crystals already ])resent. lii this region also, 
crystal-sorting according to the velocity of the incoming stream 
again took jdace, so that the larger ])lates of the pertliite bad a 
central deposition. Final stages of intrusion, or rathe]’ of crystal- 
lization, took place in the St. Stephen's area, accompanied by a 
great concentration of minei’alizers, which helped towards the 
production of a uniform grain, removed tlic iron compounds, and 
retained the lime in solution to a Lite stage. 


DLSOL'SStON. 

Dr. J. S. Fi.ETT said that, in his studies of the Cornish granites, 
lie had been impressed rather with their uniformity than with their 
differentiation. It was the remarkable pneumatolytie faeics that 
constituted their chief attraction from a petrological standj)oint. 
It was interesting, consequently, to see that by the detailed 
methods of modern investigation distinct tyjies conld be ideiititied 
and their distribution mapped. The proees.s employed Ava.s certainly 
laborious, but promised to yield useful I’esults. 

Dr. A. Bram:mall expressed appreciation of the Author's 
methods of investigation, and enquired whether, before rejecting 
pneumatolysed types for the purposes of this work, he had testeil 
the possibility of an approximate mass-e(}uivalenee between 
primary minerals such as biotite, ilmenite, sphene, etc., on the one 
hand, and secondary minerals such as tourmaline, brookite. anatasc, 
on the other ; this equivalence was observed in the case of the 
Dartmoor Granite. Die also asked whether zoned toui’inalines of 
the type shown were regarded by the Author as detinitely primary : 
similar occurrences on Dartmoor were certainly secondary. 

The Author, in reply to Dr. Brammall, stated that the inve.sti- 
gation indicated merely a very slight correlation between tour- 
maline and biotite ; but the general relation could only he investi- 
gated by considering granites as a %vholc. Much of the zoned 
tourmaline in the normal granite appears to be of the same date as 
the unzoned, and is regarded as piimai'y. 
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Part 1 . — Stratihr.vimiv. (By .E. J. AY. ) 

It has lung been known that fossiliferous limestones occur in 
the daflna peninsula in the extreme north of Ceylem, but until 
recently they have received little attention, and nothing approach- 
ing a detailed aecuunt of tliem appears to have been published. 

At various times between 1914 and 1919 (inclusive) in the 
capaeit^^ of Assistant Alineral Surveyor for Ceylon, I carried out 
geological investigations over a stretch of more than SOO miles of 
the coast-line of the island. During the progress of this Avork 
sedimentary beds were frequently met with; and the best-devtdoped 
group of these —the Miocene — is dealt with in this paper. It will 
be shown tliat the Jaffna limestones are ('»f Aliocene age, that 
similar limestones occur elsewhere in CV'vlon, and that lAIiocene 
rocks of other facies also occur. 

1 am at a disadvantage in that all my hold-notes, being the 
l>roi>erty of the Mineral Survey, remain in Ceylon ; ]>ut sutiicient 
information is contained in private note-books to allow of a general 
description. 

Prior to J>r. Davies's determination of the contained fossils the 
age of the Jaffna limestones was very uncertain ; foi*, Avliile 1 
recognized them as Tertiary, and regarded them as probably 
Eocene, a previous author believed them to be of Cretaceous age.^ 
Sir Emerson ''fennant regai'ded tliem as a recent coral-formation,- 
and this A'iew is still lield by engineers and others Avho liave 
occasion to deal with them; while Mr. J. S. Boake, in a very 
ingenious, if entirely imaginary, representation of Ceylon geology,*^ 
depicted them as coA^ering lateritic dej)osits Avhicdx can be demon- 
strated not to antedate the human i^eriod.*^ 

The two facies of the Miocene are (^a) calcareous, typically 
shown in the Jaffna peninsula, and (/y) areno-argillaceous, typically 
shoAvn at Minihagalkanda, Southern Province. The limestones 
attain considerable thickness, and are highly fossiliferous. The 
areno-argillaeeous beds are usually less than 50 feet thick, and 
unfossiliferous : only at Minihagalkanda do they include thin inter- 
calations of limestone with an abundant fauna. 

^ A. G. Dixon, ‘'The Pocks & Minerals of Ceylon * Joiirn. Ceylon Branch, 
Hoy. Asiat. Soo, a-oI. vi, pt, 2 (18S0) p. 39 [23j. 

2 ‘ Ceylon ’ 1860, pp. 12-20. 

‘ Mannar ; a Monograph * Colombo, ISSS. 

** 111. J. Wayland, “ Outlines of the Stoue-Ag*es of Coy Ion ’ Si>olia Zcylanica, 
vol. xi, pt, 41, Oct. 1919. 
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Geology of Type-Localities. 

(i) Jaffna. — The J'afFna x:>enmsula is a ruek-platfurm (plain 
of marine clenndation) eoverod Avith a bright red soil (locally 
absent, however, as near Pnttur) and fringed, especially along the 
eastern coast, by sand-dunes. The highest part of the peninsula 
is at Kirimalai, where a limestone and calcareous sandstone-hill 
rises gently to an altitude of about 50 feet above the sea. 


Fig. L, — hi ketch- nia^f of (Jey I on and the adjacent part of India. 
Oil the $cale approa.'! mateli/ ofl : 7f>00,000. 



[The dotted area is the low-lying limestone area of the Northern and North- 
Western Provinces, within which are the outcrops of Miocene beds 
yielding Orhiculina malabarica. The black areas arc over 1000 feet 
above sea-level, and correspond, in Ceylon, to Tennant's ‘ hill - country ’, 
the area left blank being his ‘ maritime belt and the dotted areas his 
“ Madrepore.’ 

S.XJ.V.=:Siniia Upiju Villu. Of the two unnamed rivers, the northern- 
most, and shorter, is the Pomparippu river ; the other is the Kalu Oya.] 

i^ractieally the whole solid geology of the Jaffna peninsula, the 
islands on the west, and much of the mainland on the south and 
south-west, consists of a very light-ooloui'ed (usually creamy hut 
sometimes gi^eyish) limestone. It varies in texture from a some- 
what cellular material, occasionally full of corals, to a massive rock 
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in which gasteropoda arc common, and appears to represtmt 
aceumnlation.s associated with ancient coral-growtli. Tlie rock 
nsnally weathers into a honcvconi]>cd mass. 

ddic folhnving ))etvogra]>hie n(^te;» wei*c imole in the (ieological 
J3epartmcnt (»t‘ the I'niversity oi* Ihrniingham. i have to thank 
Prof. \V. S, Poulton fur placing a microscope and other facilities 
at my disposal. 

Sections of liinestunos fmni Kirimalai and Pallai <dai^*na pen- 
insula ) and nortli of tlie PomparippLi ( Xorth- Western Province ) 
agree veiy closely, d’hey are sand-free foraininiferal limestones 
with remains of calcareous alg;e { Liihotliom ni if m ). eehinoid- 
radioles, and luollnscan tests, .set in a cement of cry>tailine caleite. 
Another from Puttalam (Xorth- Western T^roviriee ) shows fewer 
complete tests of fcjraminifera. and tlie matrix is a (‘onsolidated 
limestonc-niud. Another from tlie bed of th(‘ Kal Aru is distin- 
guished hy containing small derived pehbles of material similar 
to the rock itself; much iron-staining is present, and in several 
instances ferrnginons material fills tlie interior of foraminiferal 
and other tests. 

In addition to these ]mre limestones, grits with ealear<*ous 
cement occur at .several localities, at one of wliieh they contain a 
fauna similar to tliat of the limestones. At Kirimalai the grit 
(here fossiliforons ) has grains mostly of cpiartz, extremely angnilar 
and small (O’l. to 0*2 mm. ), with a few comparatively large grains, 
some exceeding o mm. in diameter. Grains of a lilaek iron-ore, 
pos.sihly ilmenite, but mo]*e probably magnetite, are present: garnet 
occurs sometimes, while zircon, tourmaline, eorundum, inonazite, 
and biotite are still less common. One slide contains a few small 
pebble-likc inclusions of angular (piartz-grains set in an iron- 
stained calcareous matrix. Iron-staining occurs elsewhere in small 
patches in the slides. Between Karuvalakuda and I^ilugaliatnve 
a similar grit «>ceurs ; but the quartz-grains are larger (0*25 to 
0*G nim. ) and less angular, garnet and black iron-ore are more 
abundant, and then? are tiny jneces of Hbrous minerals, apparently 
sillimanite and wollastonite, Ajiart from molluscan tests lilled 
with largo caleite-erystals, there are few organic fragments. Xear 
Point J^eclro the linu'stone contains a good deal of quartz-sand ; 
while north of Palavi there is a calcareous conglomerate containing 
quartz-pebbles which measure an inch or more in length. 

Occasionally along tlie beach, particularly near Point Pecb*o, 
grey and brown ehert- pebbles closely resembling Hint are to be 
gathered ; they jirnbably i*epre.sent the remains of silii*itied layers 
of limestone. Ilxainples of this replacement are not known 
in. situ ; but some pieces of opaline material containing charac- 
teristic limestone fossils, picked up on the mainland in the dry bed 
of the -Kal Aru, suggest very strongl\" that such local replacement 
has occurred. Under the microscojje, this material from the 
Kal Aru is seen to consist of opal and chalcedony showing 
botryoidai structure in cavities ; there are many unidentifiable 
traces of organisms. 
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is Iml very s]i£>‘liily (.IistuT])e(l. vSIig’ht 
ImcOvling* is indicatcnl by u Few gt'iitle folds running in an east- 
north-easterly direction. Vertical movenient, actual ov relative, 
has hetni more marked. 

(2) Minihagalkanda.— Minihagalkanda (/ man-rock-lnll ’ ) is 
so called fi’oin a stack se])aratod from the main roc'k-mass and 
carved by denudation into a striking resemblance to a. standing 
llgnre. It lies about 5 miles east of the Vala river, and is com- 
posed of altered gneiss, though it is for sedinienlary strata that 
the vicinity is most noteworthy. I’hese crop out tor a distan<‘e of 
about 2 miles, starting 2 miles east oF the Pilinawa outlet, 
and occur in clifFs about 100 feet liigh. They stand well hack 
from the sea. being separated from it by sand-dunes. Ijandwards 
the high ground extends for about a cpiurbu* of a mile, and then 
des<*ends steeply to the jungle-covered plains of recent alluvium 
only a few feet above sea-leveh (This peculiar ridge-like elevation 
of soFt rocks more or less jmrallel with the shore is seen again near 
the mouths of the Kalu Oya and Pomparippii rivers, iii the North- 
Western Province. ) The deposits must have once had a great(‘r 
lateral extension, the more landward parts having been removeil 
by denudation, while the remainder was ])reserved by the i)roteetive 
agency of blown sand at a time Avhen the land stood lower in 
relation to the sea. Evidence enough exists of siudi a fornuM* 
relation, for the sedimentary deposits i*est upon a sea- worn lloor t)F 
ancient crystalline rocks in which can be traced ancient gullies 
and small inlets, now high and dry and some considerable distance 
from the water's edge ; some of them contain I'econstructed 
deposits derived from tlie sedimentary rocks that stand well hack 
from them. An ancient line of clifF can also he traced. 

The present deserixdion deals chicily with the ex]>osures to 1)0 
seen in the walls of a natural amphitheatre sjninning* 1200 yards 
at Minihagalkanda, where the succession i.s best displayed. Near 
the shore the basemen t-hed is an unfossiliferous ferruginons grit, 
varying from d to 6 feet in thickness ; it tends to thin hind wards, 
and near the north-eastern jjart of the amphitheatre is sc})arated 
from the gneiss by a thin bed of pipe-clay. On the east-north- 
east a seoriaceous-looking sandstone replaces the grit ; it is about 
10 feet thick, and is sepamted from the gneiss by a bod of litho- 
marge 0 to 10 feet thick. Eastwards of this the gneiss rises up, 
and is covered immediately by red earth. 

Above the grit come about 25 feet of poorly-consolidated gritty 
argillaceous beds ; their upj^er limit is a ealeari^oiis hand wliich, 
traced eastwanls, becomes more marked while otliers a]>])ear 
beneath it. At about 1000 yards from the south-western limit of 
the exposures no less than live calcareous hands sepai*ate<l by 
gritty argillaceous beds are to be seen : here they are sufficiently 
pure to be called limestones, hut possess a decidedly nodular 
character. They are either compact and hard or cavernous, and in 
that case, sometimes but not always, softer. Tinder the microscope 



part 4] 


ox TITE AITOCEXE OP CPYLOX. 


they are seen to be t'oraininifoi*al limestones containing many 
well-preserved organisms in a inati'ix of calcareous mud. Prom 
these limestones the Mioeene fauna was obtained. Above the 
upper limestone-hand is a stratum of cday, 0 or 7 feet thic'k, con- 
taining* ]>ehbles whic*h increase* in mimhcr and size upwards. 
Above this again lies a red doj^osit packed witli ferrag’inons pisolitic 
concretions, which vary in diameter up to a itiaximiim of about 
half an ineli, large coiieretions predominating. Finally, the red 
lateritic earth, so conspicuous throughout the low country i»f 
tkylon, occurs to a thickness of 15 to PS feet. Like the 1 cos's ot* 
ednna and tlie limon of Belgium, this stands vorticallv in tla* 
elifl‘-faoe. 

Tlic pisolite may represent an ancient bog-iron-ore deposit, while 
the Iluviomarine origin of the pebbly clay is not improbable; 
neither they nor the red earth above, vvhieh* liere seems to he an 
ancient and lateritized blown sand, belong to the Alioeene. All 
tliree contain artefact.s, and the* lower two, at any rate*, arc ]>rohahly 
Pleistocene.^ 

The section may he tabnlateHl as follows: — 


7. Soil ' 

G. Ked earth 

0. Pisolitic ironstoiici i 

4. Pebbly clay 

n. Areno-arglllaceous beds, 
with iioebilar limestone 

2. Ferruj>‘inoiis grit and 
sandst<>ne.s, etc 

1. G-neisses, etc. (generally 

kaolinized and locally 
separated from the 
sedimentary deposits 
by a bed c^f litho- 
marge). 

These Miocene beds ai^pear to have been depo.sited in a small 
basin. They have received a slight eastward tilt since deposition. 

Some 2 miles farther east, near Udapotana, areno-argillaeeous 
beds occur beneath red earth in a tall elife. If litholog^^ is to be 
relied on, these also are Miocene. 



E. J. Way land, op. jam cit. p. 99. 
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Near Weligama (in tlio extreme scDutli ot* the island, more than 
80 miles from Minihagalkuiula) a mile or so inland, a. sandstone, 
dipping landwards, is exposed in some drainage-trenelies- Tliis 
may ])os.sibly he Miocene, hut I only saw these ('xposures when on 
active service during the riots of 1015, and could make no detailed 
examination of tlicm. 

Jlelation of the Jaffna and Minihagalkanda hods.-— 
The thickness of the Jaftna limestone is unknown, and its base has 
never been seen in the Y)eninsnla. It is probabh^ to be reckoned 
in hundreds of feet. Assuming that no allowance need he made 
for overlap, the Minihagalkanda beds, resting as they do upon the 
crystalline rocks, must represent the base of the Ceylon Miocene, 
and should therefore be somewhat older than the Jaftna deposits. 
The pahcontological evidence seems to conlirm this view. 

(d) Other Miocene areas. — Jilxcept for the possible IVliocene 
sandstone at Weligama, no sediments likely to be Miocene are 
known along the southern and western eoa.sts between the 
Minihagalkanda district and Puttalam (8° lat. N.). Prom here 
to about 9° lat. N., both along the coast and inland there are 
many exposures of limestones yielding the Jaftna fauna and other 
possible Miocene strata. In the southern part of the Mannar and 
western part of the Anurudhapura districts, where rivers have 
cut into these beds, the following general succession can be made 
out : — 

4. Red earth. 

3. Areno-argihaceons .series. 

2, Xiiinestone.s of Jaffna facies, 

1. Caleareems bods. 

The only doubtful point in this secpience is the position of the 
calcareous beds, which ai*e nowhere seen to underlie the others, hut 
are placed at the base as being the only strata seen to rest directly 
upon the crystalline complex (except the i-ed earth, which overlapjs 
the rest). These calcareous beds are full of tiny vermicular 
cavities, and contain strings of grey and white limestone-nodules. 
They are exposed along the Moderagam river (Upper Aru) near 
the Tekkam (a large masonry dam built many centuries ago, now 
difficult to find in the heart of the jungle), and within a few mile.s 
of it along the course of the Paymadu Oya, Kurukatum Aru, 
ICombankutti Oya, and south-east of Kuttian Kullain. 

The fossiliferous limestones, besides occurring in tlie inland 
districts mentioned above, occur also in the Puttalam district, at 
Ti, 5J, and G miles north of the Poinparippu river, along the 
Mannar track ; along the coast south of the Kalu Oya, north of 
the Poinparippu, and wc.st of Sinna Uppu Villu, where they form 
turtle-back hills the first of which presents a sheer 50-fo"ot elift* 
to the sea ; also in the northern part of the low-lying Ivalpitaya 
]Demnsiila and the islands near it. Localities which have yielded 
fossils are indicated in the palaeontological lists (pp. 586—87). 
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Tlie iuviio-arg'illaceous series appears to rest uiicoiiformablr 
upon tlio limestones. It seems to be identical with a series 
api^earino* along the coast east and north of Kudremalai Point and 
extending* almost to Arippu, Avhieli shows striking* resemblances 
witli the areno-argillaceons rucks of Minihagalkanda. 

South of Ivudremalai Point another series of sandt' beds appears 
in a elifi:* 4U feet high. Its relationship to the areno-argillaceoiis 
series is not clear : the latter may either be faulted or deposited 
against it. In either case the sa\idy series is in-obably the older. 
The succession shown is the following, the two lowest divisions 
forming the main part of the 40-foot cliif : — 

5. Red earth. 

4. Fine-grained and very deep-red sandstone, denuded to a mass of 
small pinnacles. 

3. Impure, somewhat nodular limestone, weathering into sinall dome- 
like masses. 

‘2. False-bedded sandstone, with fossils (land-shells). 

1. Sandstone, dij^ping generally 30^ east by south. 

A bed similar to !No. 4 is seen in one of the inland sections, 
between the red earth and the areno-argillaceous series. 

The fossils from the false-bedded sandstone were submitted to 
Mr. Ct. K. Glide, who kindly repoi*ted on them as follows : — 

‘ I would without hesitation say that they belong to the family Zonitidie. 
and am strongly inclined to refer them to the genus Ariophanta ( = Xesti}i<t) 
many species of which are Ceylon natives. It is unfortunate that the- 
si^ecimens are in rather poor condition, and specific determination, I am 
afraid, is out of the question.” 

The only conclusion to be dmwn from these fossils is that the 
sandstone is Kainozoic. It is not likely to be Miocene, or at least 
not Upper Miocene, since marine deiDosits of that date occur so 
near ; but whether j)re- or post-Miocene must remain uncertain. 

Sandy beds without fossils also a 2 Dj)ear along the coast, 
between Ambalama and Karaitivu. 

White argillaceous beds, j>ossibly Miocene, but unfossiliferous, 
occur on the coast at Ambalama, and inland, beneath red earth, 
at Iranamadu. 


Conclusion. 

To sum uj), we know that at Minihagalkanda the local base of 
the dei^osits which Dr. Davies has. shown to be of Miocene age is 
re^oresented by inconstant areno-argillaceous beds with limestone 
2 )artings ; the Miocene of Jaffna, of which neither the base nor the 
toj) is known, is essentially limestone ; in part of the Anurudhapura 
district, limestone closely similar to *bhat of Jaffna is succeeded by 
beds remarkably like those of ICudremalai and the lowest Miocene 
of Minihagalkanda. So it is possible that the Ceylon Miocene 
re^aresents a complete cycle of movement and de 2 :)osition : that is 
to say, depression followed b^** uplift, the two shallow- water phases 
being repre.sented by areno-argillaceous beds of no great thickness, 
Q.d.G.vS. No. 316. 2 n 
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and the deeiDer-water phase — prohahlj one of comparative! v long- 
duration — by thick deposits of limestone. 

As the evidence for this Adew is not complete, a possible alter- 
native explanation of the facts may be indicated. If the litho- 
logical resemblances between the areno-argillaceous beds of the 
North-Western Province and those of Minihagalkanda imply 
identity of age, then the latter would be younger than the JatVna 
limestones instead of older, and their direct contact with the 
crystalline rocks would be due to south waixl overlap. This ap}>ears 
to* us a distinctly less probable explanation of the facts than the 
one that we have adoiDted. 

Although oscillations have taken place more recently, nothing' 
comparable to the Miocene depression is known to have left its 
record in the Pliocene and Pleistocene geology of Oejdon. 


Part II. — The Faunas of the Miocene of Oevlon. 

(By A. M. D.) 

The marine fossils collected by Mr. Wajland fi*om tbe Northern, 
North-Western, and Southern Provinces of Ce^don consist of fora- 
iiiinifera, corals, echinoids, and molluscs. Of these four groujis the 
representatives of the fii'st and third are often beautifnlly jire- 
served, though sometimes almost impossible to extract from their 
matrix ; the corals are badly iHeserved ; while the condition of the 
molluscs is mediocre, and they are generally represented l>y internal 
easts, or by specimens in which essential features (such as the hinge 
of lamellibranchs) cannot be seen. The majority of the fossils 
show so close a resemblance to species figured either by J. de 0. 
Sowerby from Kach, or by A. d^Archiac & »T. Haime from Sind, 
that there can he no question that they represent a normal marine 
Indo-Pacific Neogeiie fauna. Many of them also show close re- 
lations to recent Indo-Pacific species, and some resemblances to 
Californian Miocene fossils were noted ; but very few suggest a 
comparison with European forms. Tertiary or recent. 

The two localities which yielded the greatest number of fossils 
are Ivirimalai in the extreme north of the Jaffna peninsula, and 
Minihagalkaiida almost in the exti'eme south of the island. Fj‘om 
other localities only a very few fossils were brought. They arc, in 
geographical order from north to south: — (1) east of Kankesan- 
tiirai (near Kirimalai) ; (2) near Pallai, in the south-eastern ])art of 
the Jaffna peninsula ; (3) from the bed of the Kal Aru, ivliich flows 
to the western coast about S° 40' lat. N. ; (4) north of the 
Poinparip23u, on the same coast, about S° 20' lat. N. ; (5) Puttalam 
(Anuradhapura road) on the same coast, about 8° lat. N. In all 
these cases the rock is a foraminiferal limestone. From the bed 
of the Kal Aru came also a chert, showing very obscure organic 
structures. The land-shells from Kudremalai have been dealt 
with in Part I (j). 583). 
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111 studying tlie marine fossils I have had the advantage of com- 
])ai*ing’ them directly with Soiverby s and A. d’Arehiac A Haime's 
tyjjos, now preserved at the Uritish Museum (Natiirdl History ). 
.1 owe many thanks to Dr. A. Smith Woodward for facilities given 
for tills work, to Mr. Jt. B. Xewton for criticism iind advice during 
its px’OgTess, and to Mr. (.f. C. Bohson for help in examining recent 
Indo-PaeiHc shells. I visited Paris with the object of studying 
other Miocene collections, and it is with great pleasure that I recall 
the very courteous and heljiful Avay in which 1 was received hy 
Prench paUeontologists, in 2>articular MM. Or. F. Dollfus, H. Doii- 
ville, M. Cossmann, and M. Cottreau, who devoted much time to 
searcliing through collections and to the discussion of ^^oints 
of interest. To Mr. G. S. Sweeting I am muck indebted for 
assistance in the idiotography of sjiecimens. 

A eomjilcte series of the fossils, including all type- and tigured 
.specimens, has been j^i’t^sented by Mr. WaA'land to the British 
Museum (Natural History). 

Tlie collections of fossils described and figured by J. de C. Suwerl»y 
from Kach, and by A. d’Arehiae ct J. Haime from Sind, were in 
lioth cases stratigraiiliieally mixed. Subsequent sorting has not 
been facilitated by the fact that in each case, by a strangle fatality, 
most of the specimens are recorded as from a ‘ ghost ’ loealitv — 
* Soomrow ’ in Kaeh (identified by Wynne as possibly Trumuio) 
and the ‘ chaine d’Hala ’ in vSind, which appears to exist solely in 
school geograjihy- books. The only fiublished attem^it at a reference 
of the fossils to their several horizons is that by Fedden (1S79 i), 
although much unpublished information is j^robably in the ]30Ssession 
of the paUeontologists of the Indian Geological Survey. In the 
following tables (pp. 5S6-S7) the columns that indicate previous 
1 ‘oeords of the species with which the Ceylon fossils seem must 
closely comixarablc are based princiimlly u^xon Fedden’s tables. 

When wc comjxare the lists from the two most 2 >rolific localities, 
Kirimalai and Miiiihagalkanda, we see that they have few species 
in common. Yet, if we take all those identifiable with Sowerby's 
or A. d’Archiac’s types, and classify them according to the x)robable 
stratigrajfiiical j:)Osition as given by Fedden, we get very little 
guidance as to age, either absolute or relative. In both cases we 
iind species of Gaj and pre-Gaj age with others that are most com- 
])arable with recent forms. Any deduction as to age, based on their 
relative proportions, is unsafe for several reasons ; — (1) few of the 
identifications are exact, and, in the case of a fauna which evolved 
so slowly as that of the Indian Ocean (Vredeiiburg, 1911), approxi- 
mate identifications do not form a safe basis for the percentage 
method; (2) it was generally easier to compare these fossils with 
other fossils than with recent forms, hence tlie references to recent 
s 2 :)eeiesare probably fewer than they might have been if the Ceylon 
fossils had been better preserved; (3) Fedden’s allocation of species 
to horizons was tentative only. 

^ Dates in pai*entiieses refer to the list of papers at the end (pp, 600-601). 
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In regard to the bulk o£ the two faunas, therefore, we have no 
justification for considering their differences as of age- value : they 
might be in part facies-differences, in part accidental differences of 
collection. But, when we come to consider certain definite species, 
the ease is different. At Minihagalkanda only we find two well- 
marked forms not on the lists of A. d’Archiac or Soworby — OBtrva 
virJefl Deshaves, and an abnormally thick l^inna { J^^iyaclujOBiracK^ 
sp. nov.) ; while at Kirimalai and other localities in the northern 
half of the island, but not at Minihagalkanda, we find Orhivul i na 
malaharica Carter. 

Ostreci virlefi is a well-marked species with a remarkable geo- 
graidiical distribution. It was first found (Deshayes, 18BG) north 
of Methone in the south-western corner of the Peloponnesus ; but 
its exact horizon there cannot be stated. Bertrand & Kilian (1889 ) 
record it from Saleres in the South of Spain, dating it as Helvetian. 
AtEregli on the northern coast of the Gulf of Xeros, in Thrace, it 
was recognized by Mr. li. B. Newton (1904) as Vindobonian. On 
the south side of the Mediterranean it was found by Prof. J. W. 
Gregory (1911), in the post-Aquifcaiiian Miocene limestone at the 
Caves "of Lethe, Cyrenaica; by K. A. von Zittel (1888) in the 
Siwa Oasis; and by the Egyptian Geological Survey through a 
wide range of latitude on the western side of the lied Sea, and in 
Sinai (Hume, 1916). In Armenia and Persia it has been recorded 
at intervals from west of Erzerum to east of 55° long. E. (Oswald, 
1912 ; Stahl, 1911). Dr. Oswald dates it in all eases as lowest 
Tortonian ; but Stahl refers it to the Lower Mediterranean stage 
(Burdigalian). All these localities, so far, come wdthiu the area of 
the Miocene Mediterranean (though the form is unrecorded from 
the Vienna Basin) ; but it has been lately discovered, on the one 
hand by Gregory (1921) as far south as Mannguja, near Mombasa, 
and on the other by Pilgrim in the Lower Hinglaj or Talar Beds 
of the Mekran coast (Yredenburg, 1911). The former of these 
occurrences was apparently not hi situ ; but in the latter it is 
associated with a Gaj fauna, and Yredenburg at first assigned to 
it a Burdigalian age, though in his latest paper (1921) he inclined 
to a position as high as Pontian for the Talar Beds. 

In Burma O. mrJeti was described as O. by Ncetling 

(1901), and present knowledge of its age in this region is summed 
up as follows by Yredenburg (1921, pp. 251, 258, 259) 

‘ O. virleii and O. digitata \_digitalina\ var. roJilfan (NoBtliiig’s O, 
ensis and O. promensis) occur togrether in the basal part of the Akauktaiiiig’ 
Series at Yethyauksan. [These beds are] probably the marine equivalents of 
the Irrawadi Series — probably equivalent to the Talar sta^e of the Mekran 
Series and to the Odeng: Beds of Java ; or else mainly intermediate in age 
between the zone of O. latimarginata and the Irrawadi Series, and, if so, 
equivalent to the Nahan, to the Iiower Manchhar, and in Java to the Tji 
Lanang Series — either Pontian or Vindobonian.* 

Thus Osfrea virleii is one of the very few Miocene species that 
appears to have lived in both the Mediterranean and the Indian 
Ocean, and the beds in which it occurs have been ascribed to 
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various dates from Burdij^lian to possibly Poiitian, witli a balance 
of opinion in favour of Vindoboniaii, and perhaps of Upper A^'indo- 
bonian (Tortonian). It is possible, of course, that distinct species 
may be confused under this name ; but, although a variable form, 
it lias features that are clearly marked, and there is no recog- 
nized species with which it can well be confused. It is not quite 
unique in its geographical distribution. Suess (18So) long ago 
pointed out that ^lacuna miocenica was a distinctly Indo-Pucitic 
element in the Miocene of Siwa, and Deshayes described from the 
same series of beds as O. virh^ti in Greece a thick-shelled 
which is possibly the same as that found with it in Ceylon. 
Pui'ther, there seems to he an affinity between the species of 
associated with O. virJeti in Egypt and Ceylon respec- 
tively, and the same may be said, more doubtfully, of the species 
of and JS^atlca. 

It is noteworthy that in Burma and on the Mekran coast 
O. occurs among the latest mavine Miocene deposits, which 

have freshwater equivalents at no great distance, and are followed 
by a great series of freshwater beds. In Ceylon, on the contrary, it 
seems to mark the first transgression of the sea over a very ancient 
land-area. This alfords a very clear example of Prof. Hang's 
principle that marine regression from the geosynclines is contem- 
poraneous with marine transgression on the continental areas 
(Hang, 1000). In the Meditermiiean region, owing to the greatei* 
complexity of the earth-movements, the contrast is not so obvious. 
In Egypt the O.-virleti Beds transgress on to part of a continental 
area depressed between two series of faults ; elsewhere they usually 
rest, unconforinahly, upon earlier Miocene. As Prof. Haug has 
said, — 

‘Le Tortonieii correspond .... a une phase de retfait [dans les regions 
ali3inesj, car I’invasion de certaines parties de la region alpine par les eaux 
tin ‘‘ etage mcditerranoen ” est due, non pas a Tine ‘‘ transgression ”, ni 

nieme a niie “ingression ”, mais bien u, nne “irruption ” de la mer, due t\ des 
effondremonts.’ (1900, p. 707.) 

If, then, O street virJefi dates the moment when the sea was 
beginning its invasion of continental areas while still lingering in 
parts of the gcosynelines, its circumstances gave the best oppor- 
tunity for a possible short-lived shallow- water connexion hetweei> 
the Indian Ocean and the Mediterranean, enabling this oyster and 
a veiy few other species to migrate from the former to the latter. 
This, at least, is the direction in which the other species spread, 
and, though O. virleti is usually thought of as a Mediterranean 
form, it must be remarked that the few recent species that ofer 
any suggestion of affinity to it are all Indo-Pacific forms, ^ and a 
closely allied species (O, vespertina Conrad) is found in the 
Upper Miocene of California. 

The fundamental antithesis between the continental area of 
Ceylon and the Himalayan -Malayan geosyncline will explain wh 3 ’'^ 
Orhiculina malaharica^ which characterizes the Miocene of 
Northern Ceylon and Southern India, should be unknown else- 
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Avhere. That the Orbieulina Limestones are later than the O.- 
23ecls was inferred by Mr. Way land from the strati graphical 
evidence (p. 5S2), and is independently suggested by the re- 
stricted geographical distribution of that very striking fora ininifer. 
It is true that, from Kebang Sokkoh, in Java, Martin has 
described an Orhiculma associated with other foraminifera, such 
as occur with O- malahariea in Ceylon {^FIohcuI ink'll a ^ Sorites, 
abundant Miliolidai) ; but the Java species exhibits characters 
suggestive of an ancestor of O. malahariea (longer persistence 
of the spiral stage), and it is associated with Miot/i/psina in 
abundance, whereas no trace of that genus has yet been found 
in Ceylon.^ The only certain occurrence of O. uialaharica outside 
Ceylon is near Quilon in Travaneore (Carter, 1857), about 200 
miles west of its Ceylon occurrences. It seems certainly absent 
from Ivach, and in Egypt the first invasion of the Indian Ocean 
is marked by the Pecten-mtsseli fauna, which (as no trace of it 
has been found in Ceylon) probably belongs to a later date than 
O. malahariea. 

The identity of the Quilon beds with those of Northern Ceylon 
can hardly be doubted. In addition to O. malahariea. Carter 
recorded a few gastropods, all identified with species fi’om Kach or 
Sind. Only one of these, Oei'ithhim rude, appears also on our 
list ; another is given by !Fedden as a pre-Caj fonn, and the 
remainder are not dated by him at all. Though the gastropods do 
not go far, therefore, to support the evidence of the foraminifer, 
they do not tmverse it; and large foi'aminifera are generally 
more restricted in range, and therefore more useful for dating, 
than gastropods. 

The other marine Neogeiie fauna to which we naturally look for 
comparison is that of Karikal, on the Coromandel coast, about 
80 miles almost due noi’th of Kirimalai. The gastropods of this 
fauna, which are beautifully preserved, liave been described by 
l>r. Cossmann (1900-03-10). It is rather surprising that, in 
only very few cases, can any of the Karikal s])ecies be oven 
approximately identified in Ceylon, and on the other hand that 
such striking forms as the large Conus hrevis should apparently 
be wanting at Karikal. The Karikal fauna is regarded by Dr. 
Cossmann as Pliocene; but Yredenburg, in his diagram of the evolu- 
tion of the Indian Ocean fauna (1912) placed it on the level of the 
Upper Hinglaj (Vindobonian). To us it appeal’s to be ijrobably 
separated from the Orbiculina-malaharica Beds by a gap wider 
than that between the latter and the Ostrea-virlefl Beds of 
Southern Ceylon, If these last be Yindobonian and ]>robably 
Upper Vindobonian (Tortonian), the O. -malahariea Beds must be, 

^ The limestone of Minihagalkanda contains foraminifera which, when 
more fnlly studied, may help in the more exact determination of its age. 
Owing to the compact nature of the rock, only chance sections can be studied ; 
and, in view of the already long delay in the completion of this paper, it did 
not seem wise to wait for a complete series of sections of the available 
material. 
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at the earliest, very late Vindohonian, and may he as late as 
J^ontian (or rather Sahelian, as they are marine), while the Ivarikal 
beds could not be earlier than Pliocene. 

[PosTSCBiPT. I am indebted to Dr. H. Sadek for inforniation 
concerning the Miocene of Egypt, which suggests slight modifica- 
tions in the foregoing conclusions. He has found evidence of 
temporary communication between the Mediterranean and Indian 
Oceans at two distinct dates in the Vindohonian epoch — one at its 
very commencement, the other much later. Oysters of the O.- 
inrleti type were ah'eady established in Egypt "before the earlier 
of these connexions, in late Burdigalian times, and they range to 
the local summit of the Yindohonian. It would, therefore, seem 
more probable that O. virleti migmted from Mediterranean to 
Tndo-Pacific areas than vice versa. At the same time, the date of 
the Minihagalkanda beds becomes a little less certain. While the 
negative evidence of the foraminifera would seem to excdude any 
probability of a Burdigalian date, the}" may belong* to the 
opening of the Vindohonian epoch, instead of to the later date 
within it suggested above. — A. M. D., Octoher 26tli^ 1923. '\ 


Paljeontological Details. 

ORBicuiiiNA aiiuLAB^LRiCA (H. J. Carter). (PI. XXVIII, figs. 1-4.) 

1853. Oi'biiolites malabavica H. J. Carter, Ann. Mag-. Nat. Hist, ser, 2, 
vol, xi, p. 425 & pi. xvxB, fig’s, l—i. 

1856. A fossil Orhicnlina W. B. Carpenter, Phil, Trans. Bojal Soo. 

vol. cxlvi, p. 549 & pi. xxviii, figs. I^-IS. 

1902. Orhicitlina malabai'ica H. Doiiville, Bull. Soc. Gcol. Prance, ser. 4, 
vol. ii, pp. 300-301. 

Compare also : — 

1917. Orbiculina cf. adnnca Fiehtel & Moll, Martin, Samml. Geol. Eeiehs- 
Mns. Leiden, n. s. vol. ii, pt. 7, p. 277 & pi. v, fig. 142 (Miocene of 
Java). 

Test (plasmostracum) discoidal, thin ; maximum diameter 
ohserved=21 mm. ; thickness=0*75 mm. Cyclical growth not 
fully attained until a diameter of 3 to 5 mm. is reached. Large 
forms probably all microspheric ; largest observed diameter of 
megalosj>henc form =5 *5 mm. Diameter of megalosphere=0*33 
mm,; diameter of spiral passage around megalosphere=0'06mm. 
Mici'csphere not certainly seen. 

The mode of shell-growth is that typical of the genus, and has 
been fully described by Carpenter. From the recent type-species 
O. adunca Fiehtel Moll, it is readily distinguished by its large 
size, and the perfect cyclical growth of the greater part of the 
disc, despite the moi-e prolonged period of spiral growth. Proin 
the Miocene form described by Martin fmm Java it didffers in 
exactly the opposite way, in having spiral growth restricted to 
early life instead of continuing throughout life (or at least up 
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to 12 mm. in diameter). It is interesting to note that a single 
specimen of what seems to be Martin’s species was found attached 
to a Cl i/peaster depressns (Brit. Mus. E 16<58S) at Minihagal- 
kanda, where O, malaharica does not occur. 

The type-locality of this species haxing been more than once 
incorrectly given, it is restated hereon the authority of the Annual 
Rej^ort of the G-eological Survey of India for 1883 (Roc. <1. S. 
India, vol. xvii, p. 9). 

Age. — Miocene (Vindobonian or later). 

Type-locality, — Purappakkara, about 7 miles north-west of 
Quilon, Travancore (at a depth of 40 feet, under laterite). 

Ce^don localities : Kirimalai and near Pallai, Jafthia peninsula ; 
north of Pomparippii (North-Western Province) ; Puttalain 
(North- W estern Province ) . 


Clxpeasteb sp., af£. carte rt Duncan & Slaclen. (PI. XXIX, 
figs. 1 & 2.) 

1883. Glypeoster carierl P. M. Piinean & '^Y. P. Sladen, ‘ Tertiary Fossil 
Echinoidea of Kachh & Kattywar ’ Palceontologia Indica, ser. 7 
& 14, vol. i, pt. 4, p. 49 & pi. xii, %. 12. 

Compare also : — 

1840. Clypeaatei’ ohlongus J. do C. Sowerby, in Grant, Trans. Gool. »Soe. 
ser. 2, vol. v, pt. 2, p. 327 & pi. xxiv, fig-s. 25-250. 

The Ceylon species differs from O. carteri (1) in outline, (2) in 
the details of the pore-fields. 

(1) The postero-lateral margins are much more oblique, bring- 
ing the postero-lateral angles on a level with the posterior end of 
the petals, instead of well behind them. 

(2) The costje carry a few small tubercles, instead of only 
granules ; and in the odd ambulacrum the pore- fields are not quite 
as broad as the inter-poriferous area. 

It is probable that there are other small difirerences, hut they 
cannot he definitely stated from the description and solitary figure 
of O, carteri. The Ceylon specimen is perfect, and shows a typical 
clypeastroid apex, with central madreporite and five genital 
pores. 

The tyi^e of C. ohlonguB Sowerby is a broken specimen. So fur 
as can he determined, its proportions are very much the same as 
those of the Ceylon specimen, and it divei’gcs even more than the 
latter from O. carteri in respect of its costae, which have often five 
tubercles, while those of the Ceylon specimen rarely have as many 
as four. 

According to the account given by Duncan & Sladen, O. carteri 
should be Oligocene, hut Yredenburg has warned us as to the 
confusion of horizons by those authors. 

Age. — Miocene (ATudobonian). 

Locality. — Minihagalkanda, Southern Province (Ceylon). 
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PlNlN-A PACIIYOSTKACA Sp. IIOV. (PI. XXIX, flgS. 3 & 4.) 

1S36. no& /I'is Deshayes, in ‘Expedition Scientifiqiie de Moree * 

vol. iii, p. 113. 

This species is represented only l»y a large fragment of the right 
valve, with a portion of the edge of the associated left valve (the 
liolotv]3e — Brit. Mus. B. 2S74?]) and by three small fragments 
(L. 2S744). Nevertheless, it shows features so distinctive that a 
new specitie name appears justifiable. 

Shcdl deltoidal, with acuiiiinato umbo (probably very similar in* 
outline to the recent Atrina nujra Chemnitz sp.). "Dorsal and 
antero-yentral margins diverging, in the part preserved, at an 
angle of 65°, this angle becoming more acute towards the aj^ex. 
An tero- ventral and i^ostero-dorsal sectors about equal, the former 
marked only by growth-lines, the latter bearing six coarse costte, 
increasing to seven by intercalation of an extra costa in the middle 
of the sector, at a distance of, probabh', about 65 mm. from the 
apex (with probable further increases beyond, one of the fragments 
sliOAving five eostie in a space of 42 mm.). Test prismatic, very 
thick, especially towards the an tero- ventral margin, varying from 
1 to 9 mm. in the holotype, but attaining 14 ram. in one of the 
smaller fragments (PL XXIX, fig. ?3). The costaj are solid 
thickenings of the test, and do not show on the interior. 

I refer this species to the genus JE^hina (although it is quite 
likely that it may really be an Atrina), on the principle that, in a 
case of uncertainty, it is better to use the more familiar designation. 

It is not impossible that the fragments of a very thick-shelled 
JPinna, described by Deshayes from the same series of beds as 
Osfrecf virJpti in Greece, belong tO' this species. The fragments 
were evidently not good enough to be figured, and Deshayes only 
referred them, with great doubt, to P. nohilis, because that was 
the characteristio species of the adjacent seas. In the 2nd Mediter- 
ranean stage of the Vienna Basin, however, I^inna hrocclu’i 
A. d'Orbigny has a thickness of 2*5 to <S mm. aceoixling to 
Hcernes, and the Greek fragments may belong to that species. 

A g e. — Miocene ( Vindohonian) . 

Locality. — Minihagalkanda, Southern Province (Ceylon). 

Spoxnvxiijs WAYLA^^Di nov. (PI. XXIX, fig. 5, and text- 
figs. 2—3, p. 594.) 

Inflated-lenticular, approaching globose: profile of valves 2 )ass- 
ing from strongly convex to slightly concave near the margins. 
Slightly inequivalve ; distinctly inequilateral. Height and leiigth 
a^^proximately equal, thickness =i3/5 of the other dimensions. 
Maximum measurements =approximately 75 mm., 75 mm., 45 mm. 
Height of the left valve=s: about 14/15 that of the right valve. 
Horizontal distance of umbo from the anterior end=about 9/10 of 
its distance from the posterior end* 

Ears distinct ; cardinal area very small, and difficult to expose. 
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Surface ornamented alike on both valves with close-set, semi- 
cyliiKlrieal, scaly eostye. At a distance of 80 mm. from the 
mnbo there are live costic in every 6 nmi. The coshe increase in 
nnmber b 3 " occasional intercaktlons, and, at anv level, about a third 
ot the costw, in-egulavly distiibuteil, arc distinctly smaller than 
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Although all the specimens are imi>ei*£ect, I select one (Brit. 
INIiis. L. 2S750) as a holotype, the other six (L. 2S751-5U) being 
parat3"2^es. 

This is one o£ a small group of species in whieli there is only 
partial development of the most charaeteristie features of the 
geuw^ — the great size of the cardinal area, especially 

in the right valve ; the wide sepamtion of the umhones ; the 
strongly ineqnivalve character; the diversity of the ornament on 
the two valves. As all these features are obviously adaptations to 
the sessile habit, the species which sliow them but feebly are 
simply a group of less specialized forms, and do not necesiirily 
possess any such close mutual relationship) as would be imp)lied bV 
the sep3aration of them as a sub-genus or section. Among these 
spjeeies are the recent S. imperialis Chenu, also recorded as a fossil 
from Java, and the Sind fossils S. romtiiUi and S. tallavifpietii 
A. &, H., which all agree in having at interv^als strong ribs with 
a greater developDinent of splines. These may p)ossib]y form a genetic 
series, but the sp^iny character is much more fully develop>ed in 
the tirst- named spDccies. >S'. waylanJi differs from these in tb.e 
more uniform character of the ribs. Fuchs (in Zittel, ISSM) 
figured two iinpjerfectly p^reserved Spontli/li from Siwa, which 
i^resent decided resemblances to S. waylcindL His Sjjonilylus sp). 
(p3l. viii, figs. 7 & 8) is smaller, narrower and thicker, and more 
decidedly globose, but the ribbing seems to be very similar ; while 
liis sp). cf. omssicostatus (pd. viii, fig. 13 no)i 14) seems to have 
the infiated-lentieular form, but is rather narrower, and there is a 
suggestion on the east of an alternation of one strong wdth several 
weak ribs. 

— Miocene, Vindohonian. 

Typ)e-locality. — Minihagalkanda, Southern Province (Ceylon). 

Amusium suBCORKEC^kt (A. d’Arcliiac & J. Haime). 

1853. Pecten cornevs A. d’ Archaic & J. Haime, non J, Sowerby, ISIS; 

‘ Desex-iption des Animaux Fossiles dii Oroup© Nummulitique d© 
rinde ’ p. 269 & pi. xxiii, fig’s. 10 a, b, c, 11. 

Although the four spDecimens from Minihagalkanda are all im- 
p)eif ect, there can be little doubt as to their identity with the species 
of d’Archiac & Haime. Those authors, while referring their Sind 
specimens to JPecten corneus Sowerby, were very doubtful of that 
reference, on account of the smooth exterior and radially marked 
interior. Therefore they proposed the trivial name szihcorneusj in 
ease of need. These characters which distinguish the Sind species 
from -P. corneus are not simply specific but generic, being the dis- 
tinctive features of Amusium, 

Of the recent sp^eeies of Amxisium (all Indo-Pacific) the fossil 
form is nearest to A. yaponicum (Gmelin^ ; while it is also com- 
]oarable with A, placunoides (K. Martin) from the Kembang 
(Older Miocene) of Java, and Buidigalian of the Andaman Islands. 
From both these species it appears to differ in the closer crowding 
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of the internal ribs. It seems advisable, therefore, to distinguish 
it by the trivial name suggested by A. d’Arehiae Haiiiie, and 
approved by Fedclen in his 1S79 list. 

OsTiiEA YiiiLETi Deshavos. (Text- tigs. 4-7, p)x o97, o9S.) 

4830. Ostrea virleti Doshayes, in ‘ ICxiiydition Scientitiqne tie Mur Je ' 
vol. iii, p. 123 & pi. xxi, tig*s. 1-2. 

1859. Ostrea virleti H. Abich, ‘ Das Steinsalz & seine Geolog’isclie Stelhing- 
im Eussischcn Arinenien ’ Mem. Acad. Imp. Sci. St. PoterslT. 
ser. 6, vol. vii [ix], p. 124 & pi. iii, fig. 1, pi. v, figs. 1,2. 

1883. Ostrea I'irleti Th. FucLs in Zittel, *■ Beitriige zur Geologie & Paliion- 
tologie der Libyscben 'Wiisto' Palmontographica, vol. xxx. Pal. 
Theil, pp. 43, 61, pis. iv & v. 

1899. Ostrea (AlectryoniaJ virleti R. B. Newton, Geol. Mag. p. 205. 

1901. Ostrea peg}ieiisis P. Noetling, ‘ Fauna of the Miocene Beds of Burma’ 
Pal. Ind. n. s. vol. i, pt. 3, p. 107 <& pi. h, figs. 1-2 h. 

'Other comiDarable species : — 

1847. Ostrea crass icostatn G. B. Sowerby, in J. Smith, Q. J. G. S. vol. iii, 
p. 420 <& pi. xix, fig’. 23. (Miocene of Portugal.) 

1855. Ostrea vespertina Conrad, ‘Pacific Bailroad Beport ’ [reprinted in 
U.S. Geol. Surv. Prof. Paper 59, 1909, App. VI]. (Newer Mio- 
cene of California.) 

1909. Ostrea djuvanaensis K. Martin, ‘ Die Fossilicn von Java ’ Snmml. 

Geol. Beichs-Mns. Leiden, n.s. vol. i, pt. 2, i?. 334 &- x>l. xlvi, 
figs. 1-4. (Older Miocene of Java.) 

This species is represented by six specimens from ]Minihagal- 
kanda (Brit. Mus. L. 2S757— 62), three consisting of both valves 
inseparably united in the natuml positioii, and three of left valves 
only. They show considemble variation in form and in’oportions, 
and are all somewhat smaller than any of the figured specimens, 
but agree with those and one another in having few, coarse, angular 
ribs, occasionally bifurcating, and somewliat unevenly distributed 
over the surface : ribs on one valve answering to sulci on the other. 
Some of the specimens (particularly L. 28757, fig. 4) closely re- 
semble Noetling’s figures, others are more like tlie'”Egyptian speci- 
mens.^ Most of them show, in greater or less degree, a, tendency 
to obliquely posterior elongation (as compared with the (xreek and 
Egyptian specimens), and in one case (L. 28759, figs. 6 ct 7) this 
is combined with the development of what is practically a posterior 
ear : the form then approaches that of O. crassicostafa from the 
Miocene of Poi'tugal. 

The ligamental area is rathez* large and obtusely triangular: it 
does not attain the great size slSl.wn in some of the'Siwa specimens, 
possibly because the Ce^don specimens are not full-grown or are 
Jess gerontic. It is sometimes inclined towards the posterior end. 
On the interior of the left valve there is a tendency to the 
formation of two pits (fig. 5, p. 597), like those shown in 
Fuchs’s pi. iv, fig. 3, and less distinctly in other Siwa figures. 

The type-specimens of O, virleti should be in the Deshayes 
Collection at the Fcole des Mines, Paris; but I was unable*^to 
find them in the course of a short visit. 
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The ag-e and distribution of this species have been discussed in 
the general part of tins paper f]). 5S8'). 

It is sometimes assigned to tlie genus JLoplfrt or JLlech'ponhu 
of Avhich the genotype is Ifytniis cristatiaUi Cliemnitz, but 



which, as usually understood, appears to me to be a very poly- 
phyletic ‘genus’. The same criticism • may quite fairly be passed 
on the ‘ genus ’ Ostrea ; but, where neither of two names is satis- 
factory, it is better to use that which is more familiar. 
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Of comparable species, Ontrea vesperfina Conrad, from beds 
of approximately the same age in California, to judge from 
11. Arnold’s figure (Bull. U.S. Geol. Surv. 1010, pi. xlvi. 



tigs. 4—5), is almost identical ; O. djnvttnaensis Martin, from the 
Older Miocene (liembang Beds) of Java, differs in its strongly 
saddle-shaped character. 
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Chioke (Omphat.oclathfum) ghaxosa (J. de O. Sowerbj). 

1840. Venus granosa J. de C. Sowerby, Trans. Geol. Soc. ser. 2, vol. v, 
pi. XXV, fig’. 7. 

This species is abundant at Miniliagalkandaj and is accompanied 
b}^ the probably nearlj^ related species Venus can cell ai a J. de C. 
Sowerby. Externally, C. granosa is identical in all but its slightly 
smaller size witli the recent Tapes denficnlafa Gr. B. So^verb 3 ^l 
It shows moreover close resemblance to Dosina lister i Gray, a 
recent species recorded by Martin from the Miocene of Java,"and 
to Vemis crispata I)esha 3 '’es, also recent. It seems less close to 
V, Deshayes, with which Ncetling identified it. All these 

species may be referred to the section OmphalocIaiJi r7[m of the 
genus Chi one, despite the criticisms of Jukes-Browne,” if we 
prefer a genetic classification to one which is purely morphological. 

Sthombl-s spp. 

Moderatelj^ small specimens of Sfroinh^ts (35 to 45 mm. long) 
are very abundant at Kirimalai and fairly common at Miniha- 
galkanda ; while a single rather large specimen (nearly 80 min.) 
comes from Palhii. In all these cases, unfortunately, we have 
only internal casts, sometimes with a little test adhering, while 
lumps of crystalline matrix often obscure the outline. In no 
case can so essential a feature as the form of the outer lip be 
determined. Consequently, true specific determinations are not 
feasible, and the fossils can only be roughly classified as follows : — 

(1) ‘With only one row of tubercles on the 
last whorl. 

The large form from Pallai (Brit. Mus. G. 27040) resembles in 
outline young specimens of fricornis Lamarck, which retain the 
early straightness of outline of the last whorl. It also resembles 
the South Eux'opean Helvetian B. honellii Brongniart, except in 
not having the second row of tubercles. It is also comparable 
with the holotype of aS'. nodosus J. de C. Sowerby, a Kaeh species ; 
but that is too badly preserved for the absence of a second row 
of tubercles to be asserted with complete certainty. 

Several specimens from Minihagalkanda show resemblance to 
S. karihalensU Cossmann (Pliocene of Karikal), and to B. isahella^ 
var. tJiersites Martin (Pliocene ? — localities Sond^ and Meneng- 
teng — of Java), but attain a larger size (full length probably 
=■60 mm.). One, at least, from Kirimalai shows even closer 
resemblance to B, harikalensis, and is but slightly larger. 

Another Minihagalkanda specimen shows near resemhlanee to 
B.fortisi A. <fc H. (jixon Brongniart, the true fortisi being an 
Upper Eocene — ^Auversian — species). 

1 ‘ Thesaurus Conohyliorum * vol. ii (1855) p. 694 pi. ol, fig". 114. 

* Proo. Halac. Soo. vol. xi (1914) pp. 70-72. 

Q. J. G. S, No. 316. ' 2 s 



(2) With two rows of tubercles. 

Some at least of the abundant casts from Kirimalai show the 
two rows of tubercles very distinctly. Ihit for this, they miglit be 
identified with S. noilosi^ts Sowerby, which they closely 1*0801111310 in 
shape ; the holotype of that species does not seem, however, to 
have the second row, although the had state of preservation makes 
its absence uncertain. 

Two bituberculate stromhs from Miiiihagalkanda may best be 
com]3ared with >S'. spiQiosus Martin, from the Miocene of Java. 

Semtcassts spp. 

Four fossils from Kirimalai are referred to the genus Srnu' cassis. 
One of these (I3rit. Mus. Of. 27051) retains the test, and, although 
the adherence of intractable matrix somewhat obscures the shape, 
it agrees very closely with the recent Sami cassis hoolaifi (( f. B. 
Sowerby), from the Andaman Islands.^ It also resembles >S’. rem^ 
hanqensis (Martin), a Java Miocene fossil, but is rather larger 
than that species. 

The other three are internal casts, and therefore very difficult to 
name. One of them agrees in proportions with the testiferous 
specimen, and might be the same species ; hut it matches equally 
well with S. fliiiiij^si (A. H.), from Sind, and indeed with other 

fossil casts. The remaining two certainly belong to a different 
species,, being decidedly narrower (breadth =8/5 of lengtli instead 
of 4/5) : they agree very well with S. scnlpia (J. de C. Sowerby), 
from Kach, and also, except in their larger size, with S. (^Qasmaria') 
honneti Cossinann, from Karikal. 

CoNX7S BHEVis J. de C. Sowerby. 

In Grant, Trans. Geol. Soc. ser. 2, vol. v, pt. 2 (1840) pi. xxvi, fig-. 83, 

Badly preserved specimens, referred without much douht to this 
Kach species, are fairly common at Miiiihagalkanda, where the 
largest measures over 100 mm. in diameter at its broadest, and was 
probably 150 mm. in height. But a solitary specimen from Kan- 
kesanturai, at the other extremity of the island, the only fossil 
recorded from that locality, is even larger, the diameter being 
about 160 mm. Sowerby mentions the large size which this 
species attains in Kach. At Kirimalai no such large form 'was 
found, and none of the small Cones can be safely referred to this 
species. 

Literature bearing on the General lielations of the 
Miocene Fauna of Ceylon. 

1833-36. ‘Expedition Scieiitifique de Morde* vol, ii, pt. 2, p. 322 [Stratigraphy]? 
vol.iii, p. 123, & pi. xxi [Paheontologj’']. 

1840. C. W. Geaitt. — ‘M emoir to Illustrate a Geological Map of Cutcli ’ Trans- 
Geol. Soc. ser. 2, vol. v, pt. 2, pp. 289-329; shells figured and described 
by J, de C. Sowerby, pis. x.xi-xxvi. 

^ Journ. Malacol. vol, vii (1900) pp. 162-63, text-fig. 
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MIOCENE Fi^SlLS, MQUHAGAUCANOA (CEYLON). 






601 


part 4] OP THE IMIOCENE OF CEYLON. 

1853. E. J. A. D’Auchiac & J. Hjltmb. — ‘ Description cles Aniniaux FosmIgs du 
Gvoupe Nummulitique <le I’Inde.' 

1857. H. J. Cahtbr. — Juurn. Bombay Brandi, Uoy. A>«isilic Soc. vol. v.p. 301; and 
‘Geoloy;ical Papers on Western India’ pp. 740, 743. 

1859. H. Abicii. — ‘ Das Steinsalz & seine Geolojsischo Stellnu^ im Russisehcn 
Annenien ’ Mein. Acad. Imp Sei. St. Petersb. ser. fi, vol. vii [ix], pp. oV^-loO. 
1879. F. Febiiex. — ‘O n the Distribution of the Fossils described " by Messrs. 

d’Archiac & Haiine in the difterent Tertiary & I nfni-Tei’tiary Groups of 
Sind ’ Mem. Geol. Snrv. India, vol. xvii, pp. 197-210. 

1883. K. A. ZiTTEL, Tii. Fochs, other.s. — ‘ Beitriij^e x.ur Geologic & Palaontologie 
der Libysclien Wiiste’ Rilseontograpliica, vol. xxv, pt. 1. 

1885. E. SuESS. — ‘ Das Antlitz der Erde ’ vol. i, pp. 413, 414. rKrench ed. p. IIG.^ 
1889. M. Bertraeb & W. Kilia-N. — ‘M ission d’Andalousie ’ Mem. Acad. Sci. 
Paris, vol. xxx, no. 2, pp. 377-569. 

1891-1917. K. Martin. — ‘Die Possilien von Java’ Samml. Geol. Eeichs-Mns. 
Leiden, 

1900. E. Haug. — ‘ Les G<5osj'nclinaux «fc les Aires Continentales ’ Bull. Soc. Geol. 

France, ser. 3, vol. xxviii, pp. 617-711. 

1900-03-10. M. CossMANN. — ‘Fanne Pliucenique de Karikal (Inde Frain^aise) ’ 
Journ. Concbyl. vol. xlviii, pp. 14-66 & pis. ii-iv ; vol. li, pp. 105-73 & 
pis. iii-vi ; vol. Iviii, pp. 34-86 &. pis. ii-v. 

1901. F. Ncetling. — ‘ Fauna of the Miocene Beds of Burma ’ Pal. Indiea, n. s. vol. i, 

pt. 3. 

1904- K. B Newton in T. English. — ‘Eocene & Later Formations siirrounding the 
Dardanelles’ Q. .1. G. S. vol. lx, p. 285. 

1911. R. B. Newton in J. W. Gregory. — ‘Geology of Cyrenaica,’ Q. J. G. S. 
vol. lx vii, pp. 597. 627. 

1911. E. W. Vredenbueg. — ‘On the Identity of Ostrea promenMs Noetliiig from 
the Pegu System of Burma & Ostrea diffiUilma Kicbwald from the 
Miocene of Europe ’ Rec. Geol. Surv- India, vol. xH, pp. 36-41. 

1911. A. F. Stahl. — ‘ Persien ’ in ‘Handbuch der Regionalen Geologie ’ vol. v, pt. 6. 

1912. P. Oswald.—* Annenien ’ Hid, vol. v, pt. 3. 

1912, E. W. Vredenburg. — ‘ Remarks on the Evolution of the Recent Marine 
Molluscau Fauna in the Newer Tertiar3' Rocks of India’ Proc. Mulac. Soc. 
vol. X, pp. 269 -61 & pi. xiii. 

1916. W. F. Hume. — ‘ Report on the Oilfields Region of Egypt.’ 

1921, E. W. Vbedbnburg. — ‘Results of a Revision of some Portions of 
Dr, Ncetling’s Second Monograph of the Tertiaiy Fauna of Burma’ Rec. 
Geol. Surv. India, vol, li, pp. 224-302. 

1921. H. B. Newton in J. W. Gregory. — Rift-Vallej's & Geology' of East Africa ’ 
pp. 74, 384. 

EXPLANATION OF PLATES XXVIII & XXIX. 

Plate XXVIII. 

Orhiculinn nialaharica (H. J. Carter). [See pp, 591-92.] 

Fig. 1. Surface- view of a partly decorticated specimen fprobablymicrosph eric) 
X 2. Kirimalai, Jaffna Peninsula, Ceylon. (Brit. Mus. P. 22325.) 

2. Oblique (near vertical) .section of megalospheric form, X 25, showing 

the meg^losphere with the spiral passage indenting one side. 
Puttalam, North-Western Province, Ceylon. (Brit, Mus. P. 22329.) 

3. Oblique (near horizontal) section of a megalospheric form, X 20, 

showing the megalosphere and part of the spiral passage leading 
from it. North of Pomparippu, North-Western Province, Ceylon. 
(Brit. Mus. P. 22330.) 

4. Horizontal section of microspheric form, X 12, Pallai. Jaffna Penin- 

sula, Ceylon. (Brit. Mus. P. 22326.) 

Plate XXIX. 

Figs. 1 & 2. Clypea&ter sp. between carteri Duncan & Sladen and oblongus 
J. de C. Sowerby, natural size. — Fig. 1, aboral surface ; fig. 2, oral 
surface. Minihagalkanda, Southern Province, Ceylon. (Brit. Mus, 
B. 16589.) [See p. 592.] 
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Figs. 3 <fc 4. Pinna 'pa(‘hyn!<tmca sp. nov. — Fig. 3, bx'okcn edge of a fragment 
(Brit, Mtib. L. 28744), natural size, showing the thickness of the 
prismatic layer. Fig. 4, holotype (Brit. Mns. L. 28743), right 
valve, half of the natural size. [See j). 693.] 

Fig. 5, Sponclylus waylancli sp. nov., jiaratype (Brit. Mus. L. 28751), right 
valve, natural size, shelving details of surface-ornament. [See 
p. 593.] 


Diserssrox. 

Sir THOJkDV-S Hollaxb said that this 2:)reeise description of a 
new occurrence of Miocene deposits would stimulate the Geological 
Survey of India to renewed search for relics of the Miocene 
trespass on the jjeninsula of India. Miocene fossils were found 
by Mr. G. H. Tipper twenty years ago on the Andaman Islands, 
and preliminary deseri2>tions of them hy Mr. K. \V. Yrodenhurg 
indicated Burdigalian affinities. He asked whether Dr. Davies 
had been able to comjDaro the Andaman I’ecords with the apparently 
younger Miocene fauna found by Mr. Way land. 

Dr. A. Mohley Davies, in reply, said that he had overlooked 
the record of Miocene in the Andaman Islands, and was glad to 
have his attention called to it. 
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22. The LATE-GrEAOiA.x, St.ige of the Lea Vaelei' (Tiiiiie 
Keport). By Samuel HAzzLEDI^'E Wahpex, F.(jI.S. 
(Read February 28tli, 1923,) 

Shohtli' after* the publication of the later of the previous papers 
on this subject, I discovered another exposure of the Late-Glacial 
deposits of the Lea Valley. It was found under rather unsatis- 
factory stratigraphical conditions, during some small secondary 
digging in a practically abandoned gravel-jdt of large size. The 
sides of the pit are slo]oed down and overgrown, and in part built 
over, so that the stratigniphical relations of the deposit in question 
are obscure. 

The site is on the higher margin of the oO-foot, or Taplow, 
Terrace, immediately below the lOO-foot contour, east of the New 
River, and north of the road which runs thr«)ugh Barrowell <Treen, 
between Winchmore Hill and Palmers Green, Edmonton. 

On the first visit, I noticed a l)ed of clay, about a foot thick, of 
which several yards could be seen. As it was clearly in place, and 
had been left as unprofitable during the digging, I took a sample 
home, and found it to yield seeds, but comparatively little vegetable 
debris apart from the seeds, so it was unusually easy to work for 
the purpose in hand. 

A few days later I spent an afternoon in the pit, washing out as 
much of the clay as I could in the time, and forwarded the results 
to the late Mr. Clement Keid. He sent me a preliminary list and 
statement, which were not intended for publication until the 
identifications had been checked ; this work Mrs. E. M. Keid & 
Miss M. E. J. Chandler have now kindly completed, and their 
enlarged list is appended. In those days of the great War one 
could not legitimately spend too much time on sucli work, and I 
am astonished at the compamtively long list of species obtained 
from a relatively small amount of material, as compared with the 
large quantities Avorked through from each of the other sections 
jmeviously described. 

1 obtained from one of the workmen a A'ery good Late Chellean 
implement, which he said that he had found at the base of the 
gravel in this pit at Barrowell Green ; it had been reposing for 
some 3 =^ears on a rockery in his gai*den. It is a contemporary 
imidement, and not a deidvative ; nor do I doubt his testimony, as 
the specimen would be normal for the corresponding situation and 
level at Stoke Newington. Although one could not regard this as 
critical evidence, 1 think that Ave ma}’’ take it as tending to confirm 
the date which should be assigned fx) the deposit, according to its 
position and level. But, if this be correct, we are in some difficulty 
with the Arctic Bed, which in these circumstances ought not to be 
there. 

There is a considerahle weight of cumulative evidence for a 
temperate climate during Taplow Terrace times, Avith less frost 
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than we have nowadays during the earlier stage. I think that it 
would be unwise to put the Ponders End conditions back into any 
[)art of the Taplow Terrace group, without much more satisfactory 
evidence than we have here. My suggestion is that this patch 
of Arctic 33ed represents the silting of a stream-course of Low 
Terrace age, which cut across the Taplow Terrace. But 1 could 
not prove this contention against eriticism^ — I merely think it the 
more j^robahle assumption. 

There is evidently a s^^ring here, as a streamlet still rises just 
below the level of the site. This stream has. to-day a distinct, 
though very diminutive, valley of its own, which comes out very 
clearly on the CTCologieal Survey 1-inch map of the London District 
(Sheet 2) immediately north and east of ‘Huxley Farm’, where 
the streamlet concerned cuts through the hrick-earth down to the 
gravel below. There might very easily have been a small swamp 
liere, associated with this spring and streamlet and its diminutive 
valley. 

As a ])ossible explanation of the occurrence of non-Arctic plants 
in these Arctic deposits, I would quote a fact mentioned by 
Prof. A. C. Seward in his lecture on Greenland to this Society : 
namely, that in the immediate vicinity of springs, certain plants 
are enabled to live far to the north of their noi’iual habitat, owing 
to the warmth supplied by the spring-water. Such geological 
deposits as we are considering are largely fed from the neighbour- 
hood of springs. 


Ai^PExnix. — T ub BjiiiiiowELii Gebex (Lea Valley) Aectio 
Floka. By Mrs. Eleaxob Maey Keid, B.Sc., F.L.S., F.G.S., 
and Miss Maejorie Elizabeth Jaxe Chaxbleii. 

The BaiTowell Green material was examined by Mr. Iteid in the 
spring of 191(5. By the request of Mr. Hazzledine Warren we 
have re-examined it, with the result that we have added a few new 
species and made a few alterations in Mr. Beid’s list. In this list 
a species of Goclilearia is recorded. In other Lea- Valley deposits 
and in the Cam-Valley deposit fruits were found, and the deter- 
mination was correct ; but at Barrowell Green we have only seen 
seeds referred to this sj^ecies, and in this case the detenninatioii 
was incorrect, the seeds being those of a Oerastium allied to 
O. u III (j a turn Fries, an Arctic species. It is possible, of course, 
that there were pods which we have not seen. 

With regard to the description of this deposit, we cannot do 
better than quote Mr. Beid’s original description from his letter of 
February 4th, 1916, to Mr. Warren : — 

‘ The Barrowell Green flora certainly points to the same period as the floras 
of the other Lea Valley localities. It shows the same Arctic or Sub-Arctic 
conditions, and contains several of the same peculiar plants, such as Silme 
cmlaia^ Linum Prssmirsor, SaUx Lapponum and the undetermined QocMearia^ 
No doubt the list includes about a dozen species which have not yet been 
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would expect to find at tlie other localities, if the plaiits fruni cacli were 
thoroughly known. There is nothing in the lists to distingTiisli ilic localities 
climatically.’ 
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Bakeowell UiiEEX Arctic Flora. 





1. Thalictnim JiavHut Linn + 

2 BanimcifJ Its aijituiilis Linn + 

I 3. liammcuhis hi-thracens Liiui 

d. Ranunculus neinomsus De Caiululle 

1 5, Ranunenhts ropens Linn + 

! 6. Caltha imlusU'is Linn + 

1 7. Viola lutca Hudson 

S. Silene cfslata Ueid 

9. Cet'astivm sp., cf. I'ltlffaittui Fries. . + 

I 10. Jhiuim Ri'(t cursor Iloid 

I 11. Spireea Tlhiiariii Linn + 

12. Rnfeutilhi Anserino Linn + 

13. Totentilln nicalis La pey rouse ... | 

14. Rotentilla erecta Hampe \ + 

1*5. Hipfjiii'fs rulc/iti'is Linn ' + 

16. Mi/riopJnjlhini spientnm Linn + 

lAT J. u,, 


18. Valeriana dioica Linn. 


20. 8onoJms sp ; 

21. Taraxacum sp , ? 

22. Arctosta2>li^los Uva-nrsi Spreng....'. + 

23. Rrimula farinosa Linn. (?) ! + 


24. Galeopsis^p , 

25. Rittorella sp | 

26. Atriplex patula Linn ; 

27. OJienopodium sp j 

28. RoJygonum avicvJare Linn i 

29. Salix herbacea Linn, (?) j 

30. Salix Lappomim Linn. (?) [ 

31. Juniper us .sp ' 

32. Spargaiiium minimum¥v\&s | 

33. Sparganium natans Linn i 

34. AUsrtia Rlantago lAww I 

35. Rotamogetoii rrispus Linn j 

36. Rotamogeton cf. densus Linn ■ 

37. Rotamogetonjil iforinis Nolte ■ 

38. Rotamogeton natans Linn 

39. Rotamogeton pectinatus Linn i 

40. Rotamogeton polggonifoltus Pourr.' 

41. Rotamogeton sp 1 

42. Mleoeharis unigtnmis Link 1 

43. Seirpus laaustris Linn ....1 

44. Carex dioica Linn 

46. Oarex leporim Linn, (?) 

46. Oarex punctata Gaud 

47. Carex rostrata Good 

48. Isoeies lacustris Linn 


+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 


Xut sLrii liy us. 


+ 

' + 
! + 
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+ 

... 1 + 

... 

i 

• 

j 

? ’ + 

i i 

1 

+ 

: ... J 

1 

1 


1 

... 1 + 

+ 

... 1 + 1 

+ 

1 + j 


... i + 




+ 1 + 

... 
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4 


4 1 

i 


I 

... i 4- 


Xut .seen hy us. 


fl speeimtfii, large, per- 
■ hapa ow ing to burst- 
i»g and flattening, 
other of recent size; 
ornameatittion coar- 


Oaly a leaf-tip seen 
hy UB. If this was 
the only evidence, it 
seems to us insaiS- 
cient. 
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23. The Ulephas-a^xtjqucs Bei> of Cxactox-ox-Sea (Essex) 
and its Eloiia and Eauxa. By Samuee Hazzeedixe 
Waeeex, E.G.S. (Bead February 2Stli, 1923.) 

The elephaDt-reinaiiis from the Pleistocene deposits of the Essex 
coast have attracted interest and curiosity which can be traced back 
to the twelfth century, during the reign of Kichard the First. 

Camden’s ‘ Britannia ’ of 1610 refers as follows to the remains 
from Walton-on-the-Naze : — 

* Wli^t hath been fotmd in this place, have heere out of the words and 
credit of Ealphe, the Monke of Coggeshall, who wrot 350 years agoe ; “In 
Eing Richard’s time, on the sea-shore, at a village called Erdulphnesse 
[Walton-on-the-Xaze], were found two teeth of a certain Giant, of such a 
huge bignesse, that two hundred such teeth as men have now a daies might 
be cut out of them. These I saw at Ooggeshall.” * 

In 1803 a fall in the low cliff, at about a mile south-south-west 
of the Naze, exposed to view a skeleton described as being 30 feet 
long, and having molars weighing 7 and 12 pounds eaeh.^ 

I have never seen the Walton deposit, which is now permanently 
buried under a considerable accmnulation of sand ; but it is quite 
probable that some temporary excavation, or exceptional storm, 
may again expose it to view. 

1 am not aware of any reference to the elephant-bed of Clacton 
prior to that made by J ohn Brown, of Stanway, in the Magazine 
of Natural History for 1838 (n.s. vol. ii, p. 163). 

The eastern end of Essex is occupied by a nearly level plateau, 
with a very gentle slope towards the sea, trenched by a series of 
river-valleys. On this plateau, between the levels of' 70 and 85 
feet O.I)., there are the remains of rivei’-gravels, often much con- 
torted, with Chellean implements. The most significant feature 
of these gravels, to my miud, lies in the abundance of Lower 
Greensand chert which they contain.^ It seems impossible to 
doubt that they are remnants of the 100-foot, or Boyne, Terrace 
of the main Thames- Medway river, and ai'e not the gravels of 
local streams. 

The I'iver-gmvels at lower levels, with their associated elephant- 
beds, belong, however, not to the main river, but to the tributary 
streams which trench the wide Boyne Ten'ace plateau, and now 
have their outlet directly into the sea. Iteasons will be given later 
for concluding that, during the 50-foot (or Taplow) Terrace age, 
the main valley off the present coast of Essex had been trenched 

^ See ‘The Essex Naturalist’ vol. xiii (1904) p. 295, 

^ This was written some time ago, before I had seen the paper by Prof, 
J. W. Gregory on the ‘Evolution of the Essex Bivers & of the liower 
Thames* (Colchester, Benham & Co., 1922). He, too, lays stress on the 
abundance of the Lower Greensand chert from Eent in the gravels of the 
Essex coast, although I am unable to agree with his suggestion that they are 
Pliocene and represent the river-gravels of Walton-Orag age* 
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to a very considerable depth. That is to say, that after Boyne 
times the river was rejuvenated, and its fall became relatively very 
much more rapid than it had been before. 

The Ta]dow Terrace group of dej)Osits covers a considerable 
period of time, and includes quite notable changes in the river 
itself, in the river-deposits, and in tlie fauna. The earlier TapIoAV 
deposits seem much nearer to the later Boyne deijosits than they 
are to the later deposits of the Taplow stage. I sometimes wonder 
whether we have not rather overlooked one of the essential condi- 
tions of river-terraces. If one stands on the flood- 2 >lain of a river, 
one is alwaj^s told to look across to the other Hood-plain on the 
opposite side, and to note the corresi^onding teiTace on each side ; 
but it is at least equally important to look in imagination through 
the Avater, and to note the difference in level betAA^een the contem- 
porary deposits of the riA^er-bed and the tiood-])lain. 

At Stoke NeAA’ington the river-hank of Taplow times abuts 
against the Boyne Terrace, at a lev^el of about 100 feet O.D. 
At G-rajs, the Boyne Termce still maintains much the same level, 
but the TaploAV Terrace has dropped nearly 50 feet. At Shoebury- 
ness the Corhiciila Beds of the TaploAA' Ten-ace are found heloAV 
the level of low tide. This relatively rapid fall of the Taplow 
Terrace giA-es us the key to the position of the Clacton bed. 

One should consider the relative dating of these TaploAv deposits 
a little more closely, as they must come into comparison with the 
Clacton bed. The basement-graA’’el at Stoke NeAvington yields 
contemporary implements of the Late Chellean stage : that is to 
say, it was the river-bed at the time when much of the Boyne 
Terrace deposits were laid doAvn on the flood-plain. The higher 
portion of the Stoke Newington deposits yields a Avell characterized 
Mousterian industry and fauna, as first shown by the late 
Worthington G. Smith. 

The Grays deposits are divided paljeontologically into tAA-o groups, 
although it is noteAA’^orthy that both occur at the same level, so the 
active period of river-erosion had then been arrested. The earlier 
group (Little Thurrock) consists of the classical Corhicula and 
Hippopotamus Beds ; while the basement-gravel of the later group 
(West Thuri-ock) yields an abundant pi-oto-Mousterian industry, 
chai-acterized by the familiar ‘ tortoise-cores ’ and Levallois fiakes, 
and is closely succeeded in the overlying beds by the JSlephas' 
primigenius fauna. 

Following upon the above-mentioned suggestion of ^ arrested 
erosion at Grays, which would scarcely be conclusive in itself, Ave 
have irrefragable evidence at Clacton, supported by contributory 
evidences elsewhere,^ of a reversal of the moA^ement, and of the 
invasion of the area by estuarine conditions. 

From the above outline of the facts, one may, I think, feel 
justified in narrowing doAvn the correlation between the river- 

See the Report on the MoUnsca by Mr. A. S, Konnarfi & Mr. B. B. Wood- 
ward, appended to the present paper, p. 688. 
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terraces, the human industries, the fauna, and the oarth-inovenients, 
to a fairly small margin of error. 

The coast from Holland to Clacton, a distance of 8 or -i miles, is 
occupied hy a continuous sheet of Taplow Terrace gravel. Both 
the base-level and the surface-level vary in different ])laees ; but, 
generally speaking, the iiuiss of the gravel lies between to and 
oO feet O.I)., below and above. I have had no success in dnding 
either human implements or any fauna in this sheet. 

The Clacton elephant-bed is closely associated with the Holland 
sheet of gravel ; but I have never seen a section that clearly 
showed the junction. The two are of totally different character, 
the Holland sheet being a cleanly washed, strongly stratified, 
torrential sheet of gravel and sand ; while the elephant-bed repre- 
sents the sil ting-up of a stagnant backwater, into which drifted 
and settled all the lighter debris of mud, wood, shells, and bones. 


Co«RELA.TION 01? LoWErTuaMKS V.A.LLBY DrIETS. 
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Several contiguous bones are sometimes found together in the 
position of life. Possibly this silting-up may be correlated with 
the first setting-in of submergence, and the arrest of active erosion 
noted at Grays. 

I am indebted to Mr. Guy Maynard for a copy of a manuscript 
section of the Essex coast, preserved in the >Sai¥ron Walden 
Museum, and believed to be % the hand of J. Brown, of Stanway, 
the pioneer of Essex Pleistocene Geology. This would appear 
to indicate the Holland Gravel as passing continuously over the 
elephant-bed; but the section is too crude and sketchy to he reliable. 

The Itev. Osmond Fisher i and Mr. W. H. Dalton ^ give 

^ Geol. Mag. vol. v (1868) p* 213. 

* ‘ The Geology of the Neighbourhood of Colchester’ Mem. Geol. Surv. 1880, 
p, 9-10. 
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sections of the cliit* as seen by them in 18(58 and 187-5 respec- 
tiveh". These differ slightly the one from the other, and both 
leave something to be desired in clearing up all points of detail ; 
but, from them and from what I have been able to see myself 
from time to time, it is perfecth' clear that the elephant-bed 
occupies a channel whicli was cut through the Holland Grravel 
(bed C in fig. 1, p. 610), although it may not be separated from it 
by anj?’ long interval of time. This channel exceeded 50 feet in 
depth, and had a very steep bank on the eastern side, like a channel 
quicklj^ cut and quickly filled before the sides had time to break 
down. The late Clement lleid, without being acquainted with the 
loealit^^ was able to I’each the conclusion that the flora indicated a 
small stream flowing between dry-soil gravel-banks, and yielding 
no indication of the proximity of the sea. 

The Holland Urook rises near Manningtree, and has a course of 
about 10 miles. Its valley lies to the north of the site here 
described. On the other side the lliver Colne is much larger, and 
has a longer course through Halstead and Colchester. The Clacton 
stream was quite a minor tributary, which flowed into one or other 
of these valleys (probably the Colne), or even directly into the 
main river, and merely cut a temporary channel without widening 
out into a valley. 

(jfood partial exposures of difterent parts of the elephant-bed of 
the foreshore were seen from time to time between the years 1912 
and 1916, and a plan was kept of their position : from this I have 
pieced together a fairly complete succession, but it was never all 
seen at one time. The basement-bed, which rests ujDon the London 
Clay, sweeps across the beach in a wide curve, with a diameter of 
nearly 1500 feet under the pamde-wall. This, of course, is a section 
across the old rivei'-bed; and the, basement-hed disappeax’s far 
beneath low-water at the deepest part. I have collected from 
bed y by digging under water at low tide, and the remains that 
came up still pi'oved to be exclusively freshwater.^ 

My own observations have been mainly concenti*ated upon the 
elephant-bed of the foi'eshore, while the more detailed stratigx'aph- 
ical sections previously published have dealt mostly with the 
cliff-section, now much obscured. 

The best published section of the Clacton bed by J. Brown, of 
Stan way, is in the Magazine of Natural History for 1840 (p. 199) ; 
while (as I have already stated) a manuscript copy of the same 
section is preserved in the Saffron Walden Museum. The latter 
adds the thicknesses of the beds as then exposed. Variants of 
the same section have been published by Richard Owen,^ Osmond 
Fishei", and in the Geological Survey Memoir ; hut these do not 
add to the information, and most of them inti’oduce errors of their- 
own. Putting together the information derived from the two best 
sections enumeiated above, we have — 

1 These collections are marked ij* in the accompanying* Appendices. 

- * History of British Fossil Mammals & Birds * 1846, pp. 381-82. 



Section of the West Cliff at Clacton-on-Sea. 



loam, and Trail. C=The Holland sheet of ^mivel. /^Estuarine loamy sand^. 

A-_Estuarme 'Peaty Shale.* 7=Freshwater seam in t. H=Stratifiea sands, with Unio littomli.% etc. 

q-t=: J he liiiTiatile serie.s of the foreshore, see p. 611. L.C.=Lond(>n Clay. 

Groynes A, B, C are permanent groynes in the order of their construction 
groyne A is sometimes called the "Palace Groyne.’] 
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Th xclmefis 


• i // feet, 

1 . Loam, or loamy g'ravel and sand, with interspersed flints. 

both rounded and angular ; white quartz -pebbles and 
quartz- sandstone in boulders d to 7 

2. Freshwater [an error for " estuarine ’] shells in red sand 

[the scale of the section indicates 

fJ. ‘ Peat ’ or ‘ lignite ’ 10 to 12 

4. Marine and freshwater shells in red sand (one of the copies 

adds ‘ 8 feet above high-water mark ') [apparently 1] 

‘Peat’ or ‘lignite’, with subordinate and mterrupted [ = 


lenticular] beds of marine and freshwater shells. Incisor 
of Water-Pat. [The Saffron Walden section depicts 
two separate bods of ‘ lignite \ with one bed of red sand 

and shells between them] 7 to 9 

0, Red sand, mth marine and freshwater shells. (The J. Brown 
correspondence, ‘ Essex Naturalist ' vol. xix. 1920, ii. 139, 
gives this bed as 3 feet above high-water mark) [apparently 1 j 

7. [The elephant-bed. j Bones of the larger mammals, 
generally found between the cliff and low-water mark, 
freshwater shells, trunks of trees, nuts and seeds, etc. 

At the present time, the cliff-seetions are much weathered and 
overgrown ; hnt, occasionally, useful exposures may he seen when 
* clifl: improvements ’ of various kinds are being carried out. Thus 
1 have been able to eontirm the correctness of the observations of 
Osmond Fisher and Mr. W. H. Dalton that Bed 2 of J. Browm's 
section is not freshwater but estuarine, with abundance of stunted 
forms of marine molltisca. It is remarkable that Corhicitla 
ffluminalis occui’s in this bed as a derivative, although it is not 
"known from the elei^hant-bed proper. I have not found estuarine 
or marine shells below Bed 2 ; but I do not cast any doubt upon 
the accuracy of previous observations. Adding my own observa- 
tions, and abbreviating those already ffiven, we have, as shown in 
figs. 1 & 2 (p. 610) 

n. Surface humus. 

h. Trail ; irregular loamy gravel ; up to 6 feet. 

i. Estuarine series, consisting mainly of red sandy beds ; up to G feet. 

l\ Hard clay (= ‘ Peat,’ ‘Lignite,’ and ‘ Estuarine Peaty Shale’), occupying 
the lower part of the cliff above the parade, with lenticular shelly beds, 
and bed 1: up to 20 feet. 

1. [Bed sand and shells, a little above high-water mark j 1 foot, according to 
the older observers.'] 

n-x. Elephant-bed, upper part obscured by the sea-wall. Below the sea-wall 
the foreshore exhibits : — 

q. Hard blue clay, filling channels in r. 

(line of erosion) 

r. Bed and grey sandy loam. 

n\ Fine, compact, green loam, with large concretions, 

,r. Blue sandy loam, with much wood, including the * nut-bed \ 
y. Bark sand and sandy loam, with subangular peat-stained flints, 
passing almost into gravel. 

yy. Lower part of y, cemented into a ferruginous and calcareous pan. 
j8. Basement- bed, consisting of septaria and flints in blue clay, 

L.C. London Clay. 

' This part of the section is not clear to me, so 1 have drawn no boundary 
between k and n in the section. At p in fig. 2 there was rather mijced 
jnateria)., apparently tjj© remains of a cliff landslip. 
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Mr. H. Picton ^ has also published a section taken near the 
eastern margin of the channel (east of groyne A), where the beds 
are becoming attenuated. His layer No. 1 of dark stiff clay = my 
bed q, and although he says * without shells,’ many shells may be 
collected from it ni jdaces. J should ignore 2 and as a mere 
j)arting between the thicker beds. Layer -t, of blue loam = my :v ; 
this, Mr. Picton stiys, rests directly upon the London Clay (and 
thus completely overlaps y) a little to the east of the site of his 
section. La^^'er 5 I should again ignore. Layer (>, ‘ sand, shells, 
and broken flints ’ from 8 to o inches thick, is the feather-edge of 
my bed In the centre of the channel, the outcrop of this bed 
on the foreshore extends from half-tide leyel to far below the 
level of the lowest tides. 

The Clacton bed is situated on the present western margin of 
the Holland gravel-terrace, and the surface-level slopes from 47 to 
4S feet O.li. down to the salt-marshes, over the site of the 
elepliant-hed, which originally had the gravel-hanks on each side. 

The hard clay (k) is represented in the previously published 
sections as overla])ping the eastern gmyel-bank of the old stream, 
but as being (at this spot) again overlain by more .stratified sand 
and gravel. 1 think the latter must belong to the estuarine series, 
which I liave seen up to 6 feet in thickness, as recorded in the 
Survey Memoir. As it has sulfered erosion, it seems imjn'obable 
that this was its original maximum; 1 have traced it up to about 
30 feet O.D. or rather more, hut I have drawn it higher in the 
section, as I am fully assured that it must extend farther. 

A marine horizon occurs in the ITeistocene deposits which 
underlie the salting areas, as at Lion Point (west of Clacton), 
Stone Point (Walton), and Mill Bay (Dovercourt). It is charac- 
terized by an abundance of oysters, etc., and it is covered by a 
stony loam which appears to represent the TVail ; while remains of 
JElej)has, MlimoceroSf etc., may sometimes he found beneath it. 
At Lion Points this horizon yields a great abundance of rolled and 
derived examples of Ui^lo littoral is indicating the contemporary 
erosion of deposits of that character. The identification of this 
marine horizon, at and about the level of 5 feet below O.D., with 
the estuarine series at 20 to 30 feet above O.D. seems obvious, and 
is probably correct. 

The scheme of correlation with other localities which has been 
already indicated suggests a Mousterian date for this jieriod of 
submergence. 

I have waslied out samples of the hard clay (bed 7c) ^ but without 
obtaining any useful result. Towards the western part of the 


^ Proc. Prehist. Soc. E. Ang-lia, vol. i (1912) p. 158. 

* Tlie aeries of deposits exposed on the foreshore here between tide-marks 
is as follows, from above downwards : — (1) Recent Scrohicularia clay ; 
(2) Peat ; (3) ‘ Lyonesse ’ surface, with Early Bronze- Age remains ; 

(4) Brick-earth;' (5) Marine horizon, yielding oysters and derived Unio 
littoralis ; (6) Oalcareons flinty gravel, containing Mosvinian implements and 
bones of Mephas^ etc. ; (7) London Clay. 
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Clacton channel I once found a thin line (scarcely more than 
a parting) of vegetable debris and shells in this hard clay, at a 
level of about 17 feet O.I). Xeither shells nor idants gave any 
indication of estuarine inriuence, and the lists may be found in the 
columns marked /, in the aceoiupanying Appendices. JBones of 
lEleplias^ etc. have also been found in the cliffs above the beach. 

On one or two occasions I have seen temporary sections behind 
the sea-wall, and these have shoAvn horizontally stratified sandy 
beds, with TJnio I iff oralis and other non -marine mollusca in great 
abundance (these sites are marked n in hg. 1, p. CIO). 

Z^nio liitoralis occurs in great j)i'of^i«ion in ail the lower beds, 
particularly y. After a heavy sea, 1 have frequently seen the 
present beach strewn over with this shell. It is found, not only in 
the position of life, but it frequently has the hinge-ligament well 
j)reserved. 

Bedy seems to be generally the ricbest in remains of mammalia, 
and also in worked flints ; but much of the collections has been 
obtained from specimens washed out by the sea, and found upon the 
shore. IMany of the latter have peat-stained flints characteristic 
of bed y cemented on to them, with hard calcareous incrustations. 
These various remains are, however, by no means eonflned to bed//, 
and I have found many specimens in j)laee in the upper beds as 
well, notably .r and ir. 

The w’ooden sy)ear^ was dug out of bed r ; it lay almost horizon- 
tally, but with the thicker and heavier end slightly depressed. 

As may be noted from the plan of the beach (fig. 2, p. 610), the 
deeper ];>art of the channel is filled hy a thickening of bed y, while 
bed w is practically horizontal, and lies at about half-tide level, 
or slightly higher. 

The ‘ nut-bed ’ looked very attractive, from the botanical point 
of view. It was about an inch thick, intercalated in bed a\ and 
consisted of rolled j^ebbles of wood, hazel-nuts, and other woodland 
debris, mixed with a little white sand. 

The Flint Industry. 

The elephant-bed of Clacton yields abundant relics of tl^e some- 
what rare Mesvinian industry. It occurs equally in the foreshore 
deposit of the salting area at Lion Point, in company with Unio 
littoral is and the large mammalia. Apart from the simple flakes 
with very strong conical bulbs of percussion, and the trimmed 
flakes, a rude .side-c*hoy>per having a zigzag segmental edge and a 
thick back is almost the only implement found. 

This industry is described elsewhere, ^ but one point should be 
noted : namely, the frequency with wliich fresh Chalk flint and 
green -coated 3Bullhead flint were employed. These materials are 
not within reasonable access at the present da}^. 

^ O. a. S. Crawford, ‘ Man & His Past/ 1921; S. H. Warren, Q. J. G. S. 
vol. Ixvii (1911) p. xeix. 

2 S. H. Warren, Proc. Prehist. E. Ang’lia, vol. iii (1922) p. 597. 



The underground surface of the Chalk is about — 200 feet O.D. 
at Clacton, but it soon rises to — 150 to the north-east; while a 
well at Harwich proved the Chalk at about — 55 O.D. The higher 
elevation of the land, coupled with a deeply trenched valley, 
of which the evidence has already" been noted, would bring the 
Bullhead and Chalk flints within easy walking distance of the site. 

The basement-bed limestone of the London Clay is also found 
at the bottom of the old river-channel, and I noted one block 
which measured roughly X 5 inches. Unless obtained from 
the erosion of Boulder Clay, this must also have been carried up- 
hill by some means. 

With regard to the dating of the Mesvinian industry, Continental 
research suggests that it is approximately contemporary with the 
Acheulian, although there is no typological or cultural associatioil 
between the two ; they are totally unlike in technique. On the 
other hand, the Mesvinian series, as so well I'epresented at Clacton, 
e.xactly fills the place of what one would imagine the precursor of 
the Mousterian industry ought to he. If this he so: that is to 
say, if the Mesvinian he in fact (what it appears to be) a ruder 
and more primitive ancestor of the Mousterian industry, we are led 
to a very interesting result. Because, of the two industries (the 
Mesvinian and the Mousterian), the Mesvinian is the farther 
removed in typology from both the Acheulian and the Late 
Chellean, with which it is in part at least contemporary in time. 

This evidence confirms a suggestion which has previously been 
made on the grounds of raee-type : namely, that the Mousterian is 
a development of independent evolution and origin, and is not on 
the Chelleo- Acheulian line. 

The proto-Mousteifian tortoise-core industry, which is sometimes 
considered to be of Upper Acheulian date, is also intermediate in 
technique between the Mesvinian and the Mousterian proper. 
Thus, the flint industry points to a pre-Upper Acheulian date for 
the Clacton bed. 


The Mammalia. 

There is a marked di:fference in the frequency of different hones 
of the same animal. The antlers of Gervits Irotcju’ occur in the 
greatest profusion ; but, even after allowing for the fact that many 
of them are shed antlers, the jaw-bones are disproportionately 
scarce. Dense bones like the astragalus and ealoaneum of JBos frU 
migenhts are also among the commonest fossils to be found, while 
both jaw-hones and horn-cores of the same species are about equally 
less common. 

My own collection of JElephas remains includes a mandible in 
good preservation with four molars (the ante-penultimate and 
peniiltimate) in place, another mandible with the two last molars 
in place, and fifteen detached molai*s. There are also two portions 
of tusks, which are sufficiently long to show that they do not 
possess the curvature of primigenim. The Jr Brown Collection 
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in the British Museum (!N^atural History), the private collection 
o£ Mr. H. Picton, and many specimens scattered in other museums, 
have been consulted, but no example of ^leplias mi genius has 

been observed. 

The great majority of the molars of the Clacton elephant are 
typical of JE. anti guns, and although a few of them vary in the 
direction of JSJ, frogontlierii, it is usually only in some one character 
that they show this tendency, but not in the associated group of 
characters. It is generally’- the less worn teeth that look the least 
typical of JE. anfigmts, because I have noticed that the plates of 
enamel tend to be drawn nearer together towards the top of the 
tooth. 

The bones of the limbs, ribs, vertebrie, etc., ai*e very massive, 
and almost rival those of JE. meridionalis in size, but there are no 
molars referable to this species. 

The bovine remains in my possession include a fine pair of horn- 
cores of large size referable to JBos ^rimigenins, and a large 
collection of limb-bones of massive proportions. There are also 
lighter limb-bones which probably belong to Bison. 

There is one bone, a metaeax*pus, representing a small bovine, 
smaller than the ordinaiy JBos longifrons^ and probably’- belonging 
to the same species as the metatarsus found W Mr. A. Wrigley 
at Temple Mills. I think that it must be the species described by 
Owen under the name of JBison minor \ very little, however, is 
known about it. This metacarpus is damaged, but its approximate 
dimensions are : — length==155 or 160 mm. ; width of proximal end 
=48*5 mm . ; circumference = 84*5 mm. I am indebted to Dr. C. 
W. Andrews for having carefully compared this bone, in common 
with many other critical specimens, at the British Museum (Natuiul 
History) . 

Of the cervine antlers, those belonging to Oervus hrowniJ^ are by 
far the most abundant ; but they are usually’- much damaged. The 
best-preserved antler in my collection is refemble to C, elaplius. 
There are also quite a number of broken fragments of the antlers 
of a big cervine, probably C. megaceros (or perhaps Alces macklis\ 
or possibly even both may be present. There is a -well-preserved 
lower jaw which presents certain peculiarities, pai*tieularly in the 
unusual development of the accessory column of the last molar. 
If it be characteristic of G. hrotvni, it would be well worth 
figuring and describing in detail ; but, in the absence of com- 
parative material, it appears to be impossible to be sure of this. 

The cervine limb-bones fall into three corresponding groups : 
namely, those of the big deer, an intermediate group which agrees 
with C. elaplius^ and a group of smaller bones which may (I 
think) be correlated with the G. hf'otoni antlers without risk of 
mistake. The bones of Q. hroteni are considerably smaller than 
those of O. elapTius, but larger than the living G. dama ; to the 

1 W. B. Dawkins, Q. J. O. S. vol. xxiv (1868) p, 511. 

Q. J. G. S. No, 3X6. 2 T 



CoiuABiTiVB Meisheemests in Miilimetbes op Cervine Bones. 



The letters 1 and s indicate tlie largest and the smallest examples referred to C. hvvui. 
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e 3 ’’e thej^' look more slender in their proportions than those o£ 
Gervus elaphus ; but the difference in the length-circumference 
index is not so great as one would expect. Two metatarsi of 
'C, hrowni give indices of 27‘4 and 29*6, as compared with two of 
G, elapJms which give indices of 29*9 and 30*3. 

The bones of G. elaphus from Clacton are, for the greater part, 
smaller than those of a recent skeleton from the Caucasus, in 
the British Museum (ISTatui-al History), marked 689 of which 
measurements are given in the accompamdng table (p. 616). The 
chief difference is in the width, which is often 15, or even 20, per 
cent, less in the case of the Clacton bones ; the difference in length 
is less considerable. The measurements of a G, dama, also in the 
British Museum (Natural History), are likewise tabulated for 
comparison with the bones of G. hrowni. 

The It/iinoceros remains fall into two groups, massive and 
slender; and, after careful comparison of the upper molars at the 
Natui*al History Museum, Dr. C. W. Andrews and Mr. Martin 
Hinton came to the conclusion tliat two species were represented 
here: nainelv% iRJi. mecjarliinus de Christol (=JS/i. leptotdiinus 
Cuvier) ; and JRli. liemitmclms Falconer {j=JRh. lepforhimis OAven). 
Some French and other authorities, however, consider that these 
two are one species, for which thej’* use the name of iRh. merclcii. 
Although the two species are veiy closely related, there do seem to 
be differences of character, particularly in the upper molars, 
associated with differences of size, the Mli. onegarhimts being the 
massive form and the Hh. liemitmclms the slender. It seems to 
me probable that we may be dealing with an evolutionary change. 

It might be urged that the differences between IRh. megarliiniis 
and JEth. hemitceGhus might well be those of sex in the same 
species ; but, as Mr. Hinton points out, their time-range is not 
the same, the former appearing earlier (in the Forest Bed), and 
also disappearing earlier, than the latter. 

The comparative weight of the limb-bones is well illustrated 
by the radius, the massive Rhinoceratan radius having a circum- 
ference of 160 mm., while two examples of the slender form 
measure 126 mm. each. Five specimens of the radius in my 
collection from the Lea-Yalley Arctic deposits, where Mhinoceros 
antiquitatis alone is represented, give corresponding measurements 
of 186, 166, 161, 160, and 154 mm. respectively. The depth, 
from above downwards, of the symphysis of the lower jaw of the 
two Clacton forms is 58 and 35*5 mm. respectively. 

Attention has been drawn to differences in the enamel of the 
molars of Mh. megarhinus and Mh. hemitmehns. Dr. Andrews 
doubts whether much reliance can be placed upon this, and it is 
certainly veiy difficult to find any diffei’ence in the lower molars, 
assuming that the difference in size also represents the specific 
difference. But, in my specimens of the upper molars, there 
certainly is a difference, although it may be no more than acci- 
dental. In iBh. hemifmchns the enamel appears to the eye more 
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minutely graimliir, anti, under a leiiy, is seen to be covered by 
minute,' but sharply deiined, vertical ribbings, with granules at 
intervals. In the more massive species the surface of the enamel 
is generally smoother, and the ribbings broader but less sharply 
defined. 

Other remains. — 1 have obtained several teeth of the pike 
and numerous minor remains, such as some scales of a perch-like 
fish, and a fragment of the carapace of a crustacean (probably 
crayfish) . 


Cn.\cTON Mammalia. 


33,= rare; C = common. 

1 

Owen, 

1846. 

Dawkins,' 

1869. 

Survey, 

1880. 

1923. 

Arvicola amphibia. Desm * 



4- 


Bos bison 

't 


+ 


} Bos (minor Owen) ? 




V.13. 

1 Bos primigeniiis jSojan 

+ 


-f 

v.C. 

Capra sp 

+ 



13. 

1 Castor sp 

+ 

... 


v.13. 

' Ceraus dama Linn 



* 


1 Cervius hrowni Dawkins 

... 


4- 

v.O. 

1 C&rvus elaphus Linn 

+ 

+ 

+ 

C. 

1 Cervus giganteus ( = Megaceros) 


4- 

+ 

r* 

I Elsphas antiqnns Falconer 


1 + 


V.C. 

Bqmts cahallus Linn 


+ 

+ 

13. 

Pelis leo var. spelasa Gold 

+ 

+ 

4 


■ Hippopotamus 



ifr 


Hyssna spelsea Gold 


i 

* 


Microius agrestoides Hinton ? 

Bihinoceros megarliinus de Christ. ... 
Bhinoceros hemitsachus Falconer ... 


1 

+ 

i + 

v.E. 

i 0. 
c. 

Vrsus sp 

+ 

1 

4- 

1 


Conclusion, 

If we sum up the evidences of dating, the stmtigmphy points to 
some part of the 50-foot, or Taplow, Terrace stage, apparently not 
the earliest, and certainly not the latest, part of that stage. * The 
cutting of the deep channel shows that it was later than the period 
of rejuvenation ; while the silting-up may (but not necessarily’' * 
must) have been associated with the first arrest of erosion, which 
subsequently culminated in submergence up to at least 30 feet O.I)„ 
or more. The mammalia might be either Ohellean or Uarly 
Acheulian, hut could not be regarded as Late Aeheulian. The 
mollusca indicate a narrower correlation : namely, later than the 
Jlippojpofamtta beds of Little Thurrock, and earlier than the bride- 
earths of Crayfoid with their 'mixed’ fauna and their Mousteidan, 
or more pi^obably Early Mousterian, industry. Tlie plants indicate 
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apjjroxiluate conteiniDoraiieity with West Wittering- aiul Selsey, 
which had the same jjhysical history as Clacton itself. The 
Mesvinian flint-indiistry points to some part of the Aeheuliaii 
stage, pn’obably the earlier part. Thus the various lines of inde- 
pendent evidence are supplementary one to the other, and there is 
no undue difficulty that needs t<i be explained awa^'. 

Finally, it only remains for me to pay the warmest tribute to 
the numerous collabora;tor.s in both the Clacton and the Lea Valley 
work ; particularly to the late Mr. Clement lieid, ISIrs. E. M. 
Keid, Miss M. E. J. Chandler, Mr. A. S. Kennard. Mr. B. B. 
Woodward, Mr. E. T. Xewton, l)r. A. Smith Woodward, 
Dr. C. W. Andrews, Mr. Martin Hinton, Mr. T. H. Withers, and 
Mr. James Groves. 


Appendix I . — The Fossil Flora of Clacton-on-Sea. By Mrs. 
Eleanor Mart Heid, B.Sc., F.L.S., F.C.fcs., and Miss 
Mar.iorie Elizabeth Jane Chandler. 

The investigation of the fossil flora of Cluctuu was first begun 
by the late Clement Beid in 1916, from material colleefed by 
Mr. S. Hazzledine Warren, The work was never completed, and, 
at the further request of Mr. Warren, it was taken up again in the 
spring of 1922 hy ourselves, when we re-examined the whole 
material. By far the greater number of Mr. Keid’s 111 deter- 
minations remain unaltered ; hut, in the case of a few, we consider 
that he was mistaken, and further research has revealed a con- 
siderable number of unrecognized, or undetermined, sjjecies, bi'inging 
the total up to 135, a list of which is appended (facing p. 622). 

Before making any comments of our own, the conclusions to 
which Mr. Reid’s work had led him must he stated. These lua^" 
be gathered from liLs letters to Mr. Warren as the work progressed, 
between February 4;th and April 5th, 1916. A few extracts from 
those follow here. 

‘ March 2, 1916 . . . The flora is most mteresting’, and is well worth 
further work, as it oug^ht to throw much light on climatic conditions. Have 
you been able to make out where the stream came from, and what w^re the 
deposits that lined its banks ? The flora does not agree with that of a stream 
flowing through London Clay ; it points either to a dry climate or to dry 
gravelly stream-banks ; I cannot say which.’ 

‘ March 16, 1916 . . . These 68 species point clearly to a small stream 
(not estuarine), bordered by sandy bluffs; and I do not at present think 
that the stream came from a Chalk area. The climate was probably some- 
what drier and warmer than now — in fact the evidence agrees with West 
Wittering and Selsey ; but the drought and warmth may have been only 
in the summer.’ 

‘March 21, 1916 ... I have now "worked through all the material 
critically, and have determined about 110 flowering plants, three or four others 
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are quite determinable, if I can lay my hands on living representatives ; the 
rest are poorly preserved, but may amount to another eight or ten .... the 
deposit is well worth further search. Its dry-soil character is remarkable .... 
The general character of the flora agrees in a striking way with that of 
West Wittering, though many of the species are different, and the southern 
forms found at the two localities are not the same.’ 

‘ March 29, 1916 . . . In the first place, I want to draw your attention 
to the very large proportion of the plants represented by one or two 
specimens only. This shows that there must have been many more species, 
and that we have nothing like exhausted the local flora .... I see no sign of a 
climatic change [in the different beds], and the flora seems practically the 
same from top to bottom . . . The general character of the flora is so unusual 
that my comments will need a good deal of consideration, and I hope to be 
able to run down two or three more species which are probably no longer 
living in Britain.’ 

The letters from which these extracts are tahen were received 
from Mr. Hazziedine Warren in October this year (1922), after 
we had completed our re-examination of the fossils, and had 
formed an independent opinion as to the significance of the flora. 
In essentials, that opinion is entirely in agreement with that of 
Mr. Keid. On the minor points, such as the character of, the 
stream, it is unnecessary to add anything to the quotations that 
have been given, as Mr. Iteid was better qualified to judge of 
such matters than we are. 

The character of the flora as a whole leaves no doubt that it 
flourished under temperate conditions, and the great prevalence of 
dry-soil species shows that the ground must Imve been dry, and 
possibly waste in the sense of being sparsely inhabited. Whether 
this dryness was merely local, can hardly be answered by consider- 
ing this one flora ; but evidence which w^e will presently adduce 
has led us to the conclusion reached by Mr. Keid, that the Clacton 
flora was approximately contemporaneous with that of West 
Wittering and Selsey, both of which indicate dry conditions. If 
this be so, it is legitimate to infer that the dryness was not merely 
local, but climatic. 

We will now pass on to examine in detail the botanical evidence 
for assigning the Clacton deposits to the Interglacial period of 
West Wittering and Selsey, leather than to the pre- Glacial period 
of the Cromer Forest- Bed, 

An analysis of the three floras shows that (leaving out of 
account seashore plants) when land-plants as opposed to marsh- 
and water-plants, are considered, Clacton has 41 per cent of dry- 
soil species, West Wittering and Selsey together 40 per cent., 
and the Croinerian 31 per cent. 

Again, if comparison of actual species be made, West Wittering 
and Selsey show 60 per cent, of species in common with Clacton, 
as against 51 per cent for the Cromerxan, although the Cromer 
localities are so much nearer to Clacton, and similarly situated, 
and would therefoi’e be more likely to have' had similar floras, if 
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thej had been_ contemporaneous. Xot only so, but, if peculiar 
individutil species be considered (leaving out of account JTrfJas 
minor, which is common to the three floras'?, all the exotic 
Cromerian species, exce})t JPicen exceJsa, and the rare living 
species, such as JTajas marina and Hfrafiotes aloit/m, are absent 
from Clacton ; whereas the few West Wittering and Selsey 
mrities (except J^^ajan fframinra) are found. " The Clacton 
Cratceffiis, though not identical with the West Wittering* species, 
is nearer to it than to any other, either fosvsil or living. 

It is upon this evidence that we have independently reached the 
same conclusion as Mr. lieid ; namely, that the Clacton de)>< >sit 
was probably contemporaneous with those of West Wittering 
and Selsey. 

We add the descn23tion of two fossil species of Crafeerjaa, the 
one from Clacton, and the other from West Witteriiig, both 
a2)parently allied to C. pijracanilia. The West Wittering species, 
although it was discovered many years ago ]>y jMr. Eeid, and may 
have been referred to C, pyracantlia, is distinct from that S 2 )eeies. 
We have, therefore, taken this o}) 2 )ortunity of describing and 
naming it. 


Crat.-egus ciactoxe^^sih sp. nov. (ef. C\ pijracaniha Medic.). 

Diameter of berry =3 imii. ; diameter of ear2)els=2*o nun. 
Carpel obovate-euneate, narrow, broadest at two-Fiftlis of the 

distance from the a]?ex. Ventral 
Fig. 1. — Cratiegus elactonensis margin straight ; dorsal siufaee 
sp. nov. (Leiif/th = 2’25 unifonnly convex, contracted or 
mm.; hreacltJi=:J'2o mm.) depressed over the nude area; 

junction of adherent and nude 
areas about three-quarters of the 
distance from the apex on the 
ventnil margin, and about a 
quarter of the distance from the 
apex on the dorsal face ; style 
small, terminal, patent, very 
slightly sunk below the convex 
top of the carpel; surface finely 
granulate. 

Length of ear})el — 2*2o mm. ; 
breadth ~ l"2o mm. 

One perfect berry was found. 
The species is almost cerhiinly extinct. 

Local i ty . — Cl*acton-on-Sea (Essex). 
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OnATJEaxrs beidii sjd. nov. (of. G. fyraeantJut Medic.). 

Carpels 5 in the berry, lunate, broadest at or near the middle. 
Ventral margin straight, occasionally facetted below; dorsal surface 

convex and markedly contracted 
Fig. 2. — Oratcegusreidiis;:>.7ioz>. over the nude area; junction of 
West Wittering. (Length the two areas four-fifths of the 
=5 mm.; hreadt/i=ii'7o distance from the apex on the 
mm.) ventral margin and one-third of 

the distance from the apex on 
the dorsal face ; style large, 
patent, somewhat sunk below the 
sub-gibbous top of the carpel ; 
surface finely granulate. 

Length =from 4*25 to 2 mm.; 
breadth = from 2*25 to 1*0 mm. 
Many carpels have been found 
which vary greatly in size, but 
otherwise agree in their charac- 
ters, The average length is 3 
mm. and the breadth 1*75 mm. 

The species is almost certainly 
extinct. It is named after Mr. 
Clement lieid, who first found 
and determined it as a Cratmgiis. 

Locality. — West Wittering. 

For comparison with the above, we give the description of the 
living O. jpgracantlia Medic. 

CE-ATiEaUS PYBAGAKTIIA Medic. 

Carpels 5 in the berry ; avemge diameter of united carpels 

4 mm. Carpels gibbous, broad- 
Fig. 3. — Crataegus pyracantha, est below the middle ; ventral 
recetit. (Lengths B mm.; margin straight and facetted at 
hreadtJi^B mm) the base; dorsal sui*face very con- 

vex, contracted over the nude 
area; junction of the two areas 
four-fifths of the, distance from 
the apex on the ventral margin 
and half the distance from the 
apex on the dorsal face, the nude 
area being markedly depressed ; 
style large, patent, completely 
sunk below the gibbous apex. 

Average length = 2*75 mm. ; 
average breadth = 2 mm^ 

The occuiTenoe of these two 
species of CmtaeguH at Clacton 
and West Wittering respectively is of very great interest* 






Several sj^ecies of small five-stoned fruits have been found in the 
Pliocene deposits of Castle Eden, Eeuver, and Pont-de-Gail, but 
they were not found in the Cromer Forest-Bed or at Tegelen. 
IJfegative evidence is proverbially inadequate proof, and it may 
be that this form of Cndmgus will yet be found in the two 
last-named deposits, even though very great quantities of material 
from both have been examined. In any case, one would wish to 
know the course of history which brought about the return of 
these small five-stoned species to Britain during Interglacial 
times. 


Appendix 11. — The CiiA.mmTxxfrom Clactox-ox-Sea. 

By James Geoyes, F.L.S. 

The fruits vary considerably in size and shape, and represent in 
my opinion tw^o, or possibly three, species. 

(1) The type to 'which most of the specimens belong resembles 
the fruit of the existing British Ohara hhpida^ which it may 
well he. The length of the oogonium appears to be about 800 /a, 
but none of the full-grown specimens is perfect at the apex ; the 
breadth=about 550 to 600 /4. It is usually broadest about the 
middle, and tapers slightly towards the base. The spiral cells 
show some eleven or twelve convolutions. 

(2) The single dark fruit is apparently a different species, 
about the length of the first, though naiTOwer (500 p), and broadest 
about the middle but sub-cylindrical; and the spiml cells show 
rather more convolutions. Another fruit, a lightei’-coloured, 
imperfect specimen, may belong to the same species. 

(3) A single light-coloured specimen seems different from both 
1 and 2. About as narrow as 2, but less cylindrical, tapering 
conspicuously at each extremity ; length = probably about 82*5 p ; 
breadth = about 500 /jl. The spiral cells Avould probably show 
twelve or thirteen convolutions. This might w^ell belong to the 
existing species G, fraplis. 

The oospores seem, in all cases, to be ivell preserved. 

The ft*agments of stem and bmiiches belong pi’etty certainly 
to a Ohara of the section DijJostephansE Diplostichie, which 
includes (7, hispida and G, riflgan's ; in thickness they agree more 
closely with the latter than with the former. 
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Appendix III. — Note dm Maxjjjdle of a vicjir Vol'nu AYavva/n 
A:sTiiici\^ from Clactox-on-8ea. By Ohabdes Wildtam 
Andbew«, i).vSc., F.ll.S., Jh\G.8. 

Some time ago Mr. Hazzledine Warren sent to mo fur exiimuia- 
tion the anterior portion of the lower jaw of a very young elejihant, 
collected with numerous other Proboscidean remains from Clacton- 
on-Sea. Unfortunately, the teeth are missing ; but, since all the 
other ele]3hant-reiiiains from the same horizon in this locality are 
referable to JSlei^lias aiiiiquuis, it may be regarded as almost 
certain that this mandible is that of a foetal or newly-born member 
of the same species. 

Only the anterior portion of the jaw is preserved, the syinphysial 
region being in an excellent condition : ])osteriorly the bone is 
broken away on both sides, a little behind the level of the antoiaor 
wall of the alveolus for llie penultimate milk-molar. The 
symphysis is remai-kable for its strongly dcvelojicd beak, the upper 
surface of which seems to have made a very obtuse angle with 
the line of the alveolar border of the jaw : but, since this is 
much broken, the exact relations are not clear. Jiuterally, the 
sides of the beak are considembly pinched in ; ventmlly, it passes 
by a concave curve into the rounded and thickened })ostc*rior 
poi*tion of the symphysis, the posterior face of which forms a 
broad, nearly vertical, spout-like channel. 

The outer face of the mandibular ramus is strongly convex 
from above dowiiwai’ds; its upper alveolar border is so much 
bi’oken that the anterior of the two mental foramina has come to 
lie at the upper edge of the jaw, and at first sight resembles an 
alveolus for a milk-molar. Behind this opening the alveolar border 
widens out, and after an interval of about IS mm. we find the 
nearly cu’cular alveolus of the antepenultimate milk-molar (M.m.2). 
The root of this tooth was single, there being no indication of 
bifurcation at the end. H. Pohlig ^ has figured a specimen of this 
tooth in which, as in our example, the root is single and nearly 
circular in section ; on the other hand, in a specimen figured by 
A. Leith Adams,® the root bifurcates below, and the upper portion 
is more or less oval in section and divided by vertical grooves into 
an anterior and jiosterior column. Behind the alveolus of the 
antepenultimate niilk-inolai*. and sepamted from it by an interval 
of about 5 mm., is the anterior wall of the emj)ty alveolus of the 
much larger penultimate milk-molar (M.m.8), Unfortunately, all 
behind this point is missing on both sides of the jaw. 

The only specimen of the young mandible of JSlejphas antiqmis 

^ ‘ Dentition «fe Kranologie dee Mephaa antiquua Nova Aota Acad, 

08es. Leop. Oar. vol. liii (1889) pi. ii, fig. 5. 

® ‘ Monograph on the British Tossil Elephants* ph i, figr* 2. 
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with which I have been able to make a direct comparison is an 
imperfect jaw of an older and considerably larger individual from 
Ilford. This specimen fB.M. 21310) has been tigured and 
described bj' Leith Adams ^ and is noticed by H. Falconer.- The 
former author detinitely determines it as being* £IejjJias autlf/i{us\ 
while the latter expres.ses some uncertainty. Assuming that, as 
seems jprobable, Leith Adams is right in his determination, this 
specimen (ax^art from its considerabty larger size) shows much 
similarity to that now described. Thus, there is a distinct beak- 
like rostrum which x)asses below into a rounded chin. The rostrum 
is, however, much smaller in x)rox)ortion to the remainder of the 
jaw than in the sj^ecimen here described ; and the anterior milk- 
molar was not only much larger, hut x>ossessed two distinct roots : 
in this jaw M.m.3 is present and already considerably worn. 
When the wear-surface is placed horizontally, the x:)osterior border 
of the symphysis is nearly beneath the anterior root of M.m.3. 
Perhai^s, in a still more advanced state of wear, the direction of 
the grinding surface would be somewhat different, so that, when 
placed in a horizontal position, the symphysis would ax>x:)ear to 
extend still farther back, as in an older and larger specimen tigured 
by Pohlig (op. cit. pi. iii, tig. 1 & pi. ix, fig. 1), in which it is 
beneath the anterior half of M.m.3. In this sx)eeimen the rostrum 
is wanting ; this may, however, he partly due to the incomi)leteness 
of the jaw. Judging from the lateml view {op, cit. j)!. ix, fig. 1), 
not only has the rostrum, but also the rounded chin, undergone 
reduction. It seems jDossible that the specimen here described 
and those figured by Leith Adams and Pohlig respectively, form a 
series ranging from a very small, j^erhaps foetal, individual to one 
in which M.m.3 is considembly worn. If this be so, it is inter- 
esting to note the gradual disapx^eai’ance of the rostrum with 
advancing age, the loss of the distinct chin, and the carry in g- 
backwards of the posterior border of the symphysis. The presence 
of a marked rostrum is a j^rimitive cliaraeter reminiscent of the 
longirostrine stage through which the ancestors of all Prohoscidea 
must have passed, and is tending to disappear with advancing life. 
At the same time, it must be noted that in some adult mandibles 
of the Mammoth {JBJlepJias primigenius) the rostrum is very well 
developed, so that the degree to which it x>ersists is variable, as it 
very often is in the case of structm'es which are undez*going 
reduction. 

Some dimensions of this s]Deeimen (in millimetres) are : — 


Antero-posterior length in a straight line (so far as preserved) ... 106 

Greatest width 128 

Length of the symphysis 62 


* Op. cit. p. 14 & pi, V, fig. 8. 

“ ‘ Palseontologieal Memoirs * vol. ii (1868) p. 178. 
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Appendix IV. — Note on Kodent-IIema ins Ciactox- 

on-Sea. By Martin Alister Campbell Hinton. 

For the greater part these remains are fragmentary and indeter- 
minable ; but some of the teeth, including a right m.r, and a 
fragment of a loft m. ^ and a left m. f from Bed together with 
portions of two lower incisors from Bed belong to a small 
vole. Of these specimens the right m.T is the most important. 
Possessing, as it does, live closed triangles in addition to the 
posterior and anterior loops, it is clearly referable to the genus 
Microtm ; and in its small size, enamel structure, and form of 
the anterior loop, it agrees exactly with many of the teeth ob- 
tained by Mr. A. S. Kennard and myself long ago, from the brick- 
earth of Grays Thurrock. The species from Grays is clearly a 
member of the J/. agresth group, to which I have applied the 
name M, agrestoides ; and I have little doubt that the Clacton 
vole is either identical wdth, or else very closely allied to, the Grays 
species. 

Mr. Warren has called my attention to the fact that Arvicola 
amjAiihius has been recorded from Clacton. This ap])arently rests 
upon the authority of John Brown, of Stanway, who, in describing 
his figure ^ of a ‘ Section of a Freshwater Formation near Walton, 
on the Essex Coast,’ says of Bed 5 : — 

‘Peat witli subordinate and interrupted beds of marine and freshwater 
shells. Incisive tooth of water rat, figured in pi. xi, 2, Reliqu. 

and on the following page he says, rather more explicitly, 

‘ Incisor tooth of water-rat, figured in Reliquie& Diluvianaa pi. xi, fig. 2.’ 

Buekland, however, states in the explanation of his pi. xi that ‘ the 
specimens from 1 to 29, inclusive, are all from Kirkdale ’ ; and 
I think that John Brown meant only to indicate that he had 
identified the tooth found in his Bed 5, with the aid of Buekland’ s 
%ure of a Kirkdale specimen. The present location of John 
Brown’s specimen is unknown, and nothing can, of course, be 
based upon such a record. But remains of a water-vole, that is, 
a species of Arvicola^ occur abundantly in the brick-earth at Grays ; 
and consequently there is no inherent improbability in this early 
record. 

Part of a right mandibular ramus of a young adult heaver has 
also been found by Mi\ Warren. This has part of the incisor and 
the four cheek-teeth in place ; and it is not apparently distin- 
guishable from jaws of beaver (^Castor Jiher) fi*om the Fens. 

^ Magazine of Natural History, n.s. vol, iv (1840) p. 199. 
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Appenj:)1X V. — Ostiiacoj:>*v from the Elephas-axth^u cs IBta) at 
CrucTOif-ox-SEA. By Thomas Hexjrv Wttheps, F.O.S. 

The freshwater Osti’acocla submitted to me by Mr. Hazzlediiie 
Warren from the El ephcrs-anti quits Bed at (Clacton, and now 
presented by liim to the Qeologieal Dei^artment of the British 
Museum, number well over live hundred specimens. An examina- 
tion of these shows that four species only are represented, and, 
although the shells are extremely fragile, quite a large number of 
specimens have the tw^o valves attached. All four species are still 
found living in the ponds and rivers of Europe, and two species. 
Erpetocypris rep fans and Ili/oeypris gihha^ are quite common 
forms, with a very wide European di.stribution : they, moreover, 
occur fossil in the Weyhourn Crag and in numerous Pleistocene 
deposits (including Grays, Clacton, and Whittlesey), while I, c/ihln 
is recorded from the Middle Hamstead Beds (Oligocene) of the Isle 
of Wight. Of the two remaining species, Scoftia hroivniana is 
known living only at Lake Fadd (Bute), and Eofamocj/pris 
Irigonalis is known from Pegwell Bay ; but T. Bupert Jones was 
of the opinion that this latter form "was probably derived from the 
Kiver Stour, which empties itself into the ha}^. 

The numbers of specimens representing each species ai*e, 
approximately: E. repfans^ 200; I, ffibhct, 100; /S', hrowniana^ 
200 ; and P.' frigonalis^ 50. 

ERPETOCTPnrs peptaks (Baird). 

1836, Candona reptans Baird, Hist. Berwieksli. Nat. Club, vol. i, p, 99 & 
pi, iii, fig, 11. 

1857. Caiidona vepiaiis Baird: T. B. Jones, Pal. Soc. ‘ Monogr. Text, 
Entomostraca ’ p. 16 & pi. i, figs. 7 a-7e. 

1874. Cypris reptans (Baird) : Brady, Crosakey, & Bobertson, Pal. Soo. 
‘ Monogr. Post-Tert. Entomostraca* p. 128 & pi. ii, figs- 31, 32. 

1889. Cypris reptans (Baird) : T. B. Jones, Pal. Soc. ‘ Monogr, Tert. Ento- 
mostraca ’ Snppl. p. 10. 

1889. JErpetocypris reptans (Baird) : Brady & Norman, Trans, Boy, Soe. 
IDublin, vol. iv, pp. 84. 247 & pi. xiii, fig. 27. 

1900, Otjpris reptans (^ird) : G. W. Muller, ‘ Deutsohlands Susswasser- 
Ostracoden ’ p. 58 & pi. xiv, figs. 4, 6, 12, 13, 17. 

Distribution. — Becent : Great Britain and Ireland, Norway, 
Sweden, Germany, Tyrol, Bohemia, Palermo, South-Western 
Fmnce, Tmnsylvania. 

Fossil. Pliocene : We^^ bourn Crag. Pleistocene : Cambridge- 
shire (Barnwell and Whittlesey) ; Essex (Clacton and 
Grays). Post-Tertiary: Berkshire (Newbury); Cambridge- 
shire Fens; Lincolnshire (Casewick railway’' - cutting) ; 
Yorkshire (Hornsea) ; Norfolk (Mundesley and Sidestrand) ; 
Herffoi^shire (near Hitchin) ; Essex (Edwanlstone). 
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Tltocypeis aiBBA (Kamclolir). 

1808. Qypris gihha Kamdohr, Magaz. Gesellsch. Katnrf. Freiinde zix Berlin, 
Jalirg'. ii, p. 91 & pi. iii, fig’s. 13, 14, 17. 

1857. Cyprit^ gihha Bamdohr ; T. R. Jones, Pal. Soc. ‘Monogr. Tort. Ento- 
mostraoa' p. 15 & pi. i, figs. 3a~3/; woodc. fig. 1 (p. 10). 

1874. Cypris gihha Ramdolir : Brsidy, Orosskey, Robertson, Pal. Soc. 

‘ Monogr. Poat-Tert. Bntomostraca ’ p. 127 & pi. xv, figs. 5, 6. 
1889. Oyp7'i(t gihha Ramdohr : T. R. Jones, Pal. Soc. ‘ Monogi*. Tert. 
Entomostraca ’ Snppl. p. 9. . 

1889. Ilyocypvis gihha (Ramdohr) : Brady <fe Norman, Trans. Roy. Soc. 

Dublin, vol. iv, pp. 107, 248 & pi. xxii, figs. 1-5. 

1900. lUocypris gihha (Ramdobr) : G. W. Miiller, ‘Deutseblands Siisswasser- 
Ostracoden ’ p. 88 & pi. xix, figs. 7, 8, 10, 14“19 ; pi. xx, figs. 17, 18. 

Distribution. — llecent : Great Britain, Sweden, Germai\v, 
Holland, Switzerland, Hungary, Russia, France. 

Fossil. Oligoeene : Middle Hamstead Beds, Isle of Wight. 
Pliocene: Weybourn Crag. Pleistocene: Cambridgeshire 
(Whittlesey); Kent (Reculvers); RJssex (Clacton and 
Grays). Post-Tertiary; Scotland (Crofthead, Dipple, and 
Terally) ; Cambridgeshire Fens ; Lincolnshire (Branston 
Fen); Yorkshire (Hornsea); Norfolk (Mundesley and 
Sidestrand) ; Dorset (Chesilton, Portland). 

SCOTTIA BROWNTANA (Joues). 

1857. Cypris hroimiana T. R. Jones, Pal. Soc. ‘ Monogr. Tert. Entomo- 
straca ’ p. 13 & pi. i, figs, la-lfl. 

1889. Cypris hrmcniana T. R. Jones, Pal. Soc. ‘ Monogr. Tert. Entomo- 
straca ’ SuppL p. 9. 

1889. Scottia hraumiana (Jones) : Brady & Norman, Trans. Roy. Soc. 
Dublin, vol. iv, p. 72 & pi. ix, figs. 23, 24 ; pi. xi, figs, 19-25. 

Distribution. — Recent : Loch Fadd (Bute). 

Fossil. Uppermost Pliocene: TTnio Bed at Sidestrand (Nor- 
folk); Pleistocene: Clacton (Essex). 

POTAMOCYPRIS TRIGONALTS (Joiies). 

1867, CyiTierideis trigonalia et var. IseiHa, T. R. Jones, Pal. Soc. ‘ Monogr. 

Tert. Entomostraca * p. 47 & pi. ii. figs. 2 a-2 /t. 

1889. FotamocypHs trigonalia et var. Isav ia, T. R. Jones, Pal. Soc, * Monogr. 
Tert. Entomostraca ’ Suppl. p. 11. 

Distribution. — Recent : Pegwell Bay, Kent (probably washed 
in from the River Stour). 

Fossil. Pliocene : Norwich Crag, Bramerton (Norfolk) ; 
Pleistocene : Clacton (Essex). 

A smooth form of this species (var. Items) was recorded by 
T. Rupeid; Jones from the Weybourn Crag of East Run ton 
(Norfolk), and as occurring plentifully in the Pleistocene sand of 
Grays (Essex). Some of the specimens now described from 
Clacton are smoother than the others, but in other i*espeots they 
agree with the typical form, 
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AfPE^DIX VI. Thf^ NoX-AI.VPTXE JVrOT.LUSOA of Clacton-ox- 

Sea. By Alfred Sa^’^teu Kexxard, F.d.S., and Berj^arb 
Baritaae Woopavard, F.L.S., F.G.S. 

An account of tlie non-marine mollnsca of Cdacton based on the 
known collections was published by u.s in lS97d when we were able 
to record sixty-one species ; but of these fifteen were unconHrmed 
records. Since then I)r. Frank Corner has kindly sent us a small 
series principally obtained from the estiiarine bed, while the 
extensive collection of the late Dr. Henry Woodward has ]mssed 
into our keeping. From this additional material we were able to 
raise the total number of known species to sixty-seven. 

We are greatly indebted to Mr. IS. Hazzledine Warren for placing 
at our disposal "the results of his systematic exploration of these 
beds. The number of known s])ecies is ntnv cigbty-two, the longest 
list from any English Pleistocene deposit. One si^ecie.s. Yerfiyo 
l^Hsilla Muller, althougli recorded by S. Y. Wood,'^ we have omitted, 
since there are no examide.s extant. In tlie following table we 
have indicated in the livst column the results of previous work, 
while the remainder show the frequency of each species in the 
various layers recognized by Air. Warren. 

Table or Distribution or the Non-M.arixe Mollfsca. 
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From tLe estuarine bed three species were obtained, namely : — 

Palaililhia radigueli (Bourg’uignat) common, 

Tic i para diliiviana (Kiinth) rax*e, 

Corhicnla jluminalis (Miiller) rare, 

as Avell as two marine species, namely : — 

Sci'ohicnla rm plana (Da Costa). 

Card in ni edide Linn. 

Thus sixteen new records are added to the list, while eight hnown 
species were not represented in Mr. Warren's collection. 


Notes on the Species. 

IjIAIAX. — H itherto no sj^ecies of Limeuv has been recorded from 
Clacton. Why this genus should be so rare in this deposit is 
2 juzzling, for, as a rule, it is quite common in Pleistocene beds. 

ZoxTTOiDEs EXCAVATUS (Alder). 

An extremely rare form in the Pleistocene, Dog Holes, AA'arton 
(Lancashire), is the only other record. It is unknown living in 
Hssex, though it is known from the earN Holocene of Copford 
and Chignal St. James. 

Feuticicoea iiispiDA (Linn.). 

Tliis species is rei)resented by the large Hat foiTix, so common at 
Woodston (Huntingdonshire), to the total exclusion of the high- 
speed liberfa ( Westerlund). It is, however, possible that the 
Helix conoidea Sowerby ^ may he Hherta, although ^ve have seen 
nothing from Clacton that in any way resembles Sowerby’s sj)eeies. 
In the collection of Dr. Henry Woodward were seveiul exam 2 >les 
of a high-spired Idspida labelled ‘ Clacton which came from the 
siime source as the shells described by H. B. Sowerby : namely, 
John Brown, of Stan way 

The locality ascribed to Dr. Woodward’s examjdes is certainly 
incorrect, for they are manifestly from drays. Is it j)ossible that 
a similar mistake was made in the sj>ecimens described by 
<x. B. Sowerby H 

In the eai-ly days of deology the importance of recording the 
exact locality of .specimens was too often not recognized, Avhile the 
rivalry of collectors was frequently the cause of wrong localities 
being attached to specimens. 

Exa moxtaxa (Draparnaud), 

The southernmost record for this species in the Pleistocene ; 
Woodston, Orton Waterville, and the Cambridge gravels being the 
only other localities- 

1 Ann. Nat. -Hist. vol. vii (1841) p. 429. 

Q. J. G. S. No. 316. 2 ti 
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Odausidia YENTRicoHA Drapamaud. 

Originallj^ recorded from the Pleistocene of Woodston,^ it has 
since been recognized from Orton Waterville and Apethorpe. 
Probably the early records of OJaifsilici Jnplicaia (Montagu) from 
Grrays also realW refer to this species. 

LtMX3:A AXTRTCITLAIIIA (Linii.). 

The small inflated form so eliaracteristic of the Pleistocene 
deposits alone occurred. This is quite unknown living in England, 
althougli we have seen examples from Germanj^ as var. monnitrdi 
Hartmann. 

Lxm^^a:a truxcatula (Miiller). 

As in all Pleistocene beds, the examples of this species are 
small ; the large form so common in the Holocene and living is 
quite unknown in the Pleistocene. 

Palxd t lux a ra 13 r guedt ( Boui'guigna t ) . 

This species occurred only, and that but rarely, in Bed 7, though 
it was common in the Estuarine Bed. From this one might infer 
that it was a brackish-water form, yet it occurred commonly in the 
freshwater deposit of Grays, and rai*ely at Swanscomb, Cray ford, 
and Ilfoixl. The closely-allied form, P. deani Kendall, hitherto 
only known froin Woodston and Orton Waterville also occurred, 
but its exact horizon is unknown. 

PsEDDAMNicoLA COI5FUSA (Frauenfeld). 

Hitherto unrecorded from Clacton, it is a rare species in the 
Pleistocene: Stutton, West Wittering, and Stone being the only 
other localities. 

Bithtjs'ia tentacujata (Linn.). 

The most abundant species in these beds, but none of the 
examples attain the size of I'eeent and Holocene examples*. 

Ytvipara diluviaxa (Kunth). 

(%cton and Swanscomb ai*e the only English localities for this 
interesting species, which is said to he still living in the South of 
Kussia. This is the JBaludina clacfonensis S. V, Wood.^ Though 
it was found by Mr, Warren only in the Estuarine Bed, we have 
seen examples which from their condition probably came from 
Bed 7. Judging from the preservation of all the examples, there 
is a stx'ong iirohability that they are derivatives from a yet older 
bed. 

^ Journ. of Conch, vol. xiv (1913) pp. 83 & 89. 

® * Monog-rapli of the Crag Mollusca ’ 2nd Snppl. p. 69 pi. j, figs. 4 
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Valtata AXTiQFA Sowerbv. 

This species occurred, not uncommonly, only in Bed /, and, if we 
judge from their condition, the specimens found are certainly 
ilerivatives. This is an early Pleistocene form known only from 
(xray.s, Kelvedon, Hoxne, and Swaiiscomb. It has hitherto never 
occurred with T^alvata piscinaJis (Muller), and in this ease the 
two s^^ecies are assuredly not eontemjporary. 

U^^io XTTTOHALis Laiiiarck. 

This form attains its maxiimmi of size in these beds, one pair 
in the British Museum ([N'atural History) measuring (59 X 47 X 2S 
mm. Crayford examj^les come next in size, while the shells from 
Barnwell, Swanscomb, and Peterborough are much smaller. This 
is merely the result of environment, for the sj)ecies prefers mud to 
gravel. 

CoHBiCL’LA FLtrzMiXAXis (Miiller). 

Decidedly rare at Clacton, and apparently occurring only in the 
Estuarine Bed. There again the condition of the specimens leads 
one to infer that they are derivatives. 

Anoboxta axatixa (Linn.). 

A rare Pleistocene fossil, the only other locality for it being 
Grays. 


Conclusions. 

Though we have always borne in mind the probability that a 
liver- deposit might contain derivatives, and thus lead to confusion, 
this is the first instance in which we can say definitely that this is 
exactly what has occurred. Besides the three species that we have 
already claimed as derivatives (T^alvata anti qua ^ Yivipai'a 
ana, and Corhicula fluminalis) there are examples of Limncea 
2)ereger and iBithynia fentacnlata which we w^ould j^lace in the 
same category ; but, since there are abundant contemporary 
examples of these two species, no confusion is likely to arise. In 
all probability^, these derived specimens have been washed out of an 
early Pleistocene deposit of the same age as Swanscomb : that is, 
High Teri-ace of the Thames. As further evidence in support of 
our view, we may mention that Bed y yielded rolled examples of 
two marine species, Burpura Japillus (Linn.) and JUfuctda sp., as 
well as three indeterminable examples which are probably of 
Eocene age. 

These beds are clearly of one age, and no great interval of time 
separates the highest from the lowest. In our opinion they belong 
to the same Pleistocene stage as the Woodston, Orton Water\Hle, 
Barnwell Abbey, Grantehester, Ilford (Uphall), West Wittering, 
and Stutton deposits. In several of these there can be read the 
same physical history. 

2 1-2 
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The gradual elevation of the land which had been j^roceeding, 
doubtless intermittently, since early Pleistocene times received a 
temporary cbeck, and a slight reverse movement set in, thus 
enabling the sea to regain for a short interval part of its old 
domain. 

The Woodston, Orton Waterville, West Wittering, Clacton, and 
probably the Ilford deposits, all show freshwater beds succeeded 
by estuarine. Possibly the remaining localities were too far inland 
to show marine influence. 

The Clacton dej^osit is thus later than the older briGli:-e^^^ths of 
Grays, and older than the Crayford deposits, and may well be 
termed Mid-Pleistocene. 

As to the climate, this must have been very similar to that of 
the x^resent day, though possibly rather more genial. 


Discussion on the two fobe going Papers. 

Prof. W, J. SoiiLAS comxflimented the Author on the iinx^ortance 
of his discoveries, and remarked that Essex, as rexiresentcd by 
Mr. Reid Moir and the Author, was doing much to remove the 
reproach which might at one time have been made against British 
geologists of being rather behindhand in these matters. 

The beautiful Chellean implement, with its dagger-like blade, 
evidently marked a different horizon from that of the overlying 
gravels which yielded a ‘ cold ’ fauna. The discovery of greatest 
importance would appear to be the ])resence of alleged Mesviniaii 
imxflements beneath a late Aoheulean horizon. These imxflements 
are good examples of the Mousterian industry, and recall the 
* warm ’ Mousterian implements of Commont, which similarly occur 
in an anomalous position. 

' Since the ‘ Mesvinian ’ of M. Kutot was originally regarded as 
pre-Chellean, it might be better to restrict the use of that term to 
Belgium, although there also the horizon, as shown by Commont, 
seemed to be Acheulean. The technique of the Essex implements 
is, however, markedly superior to that of the Mesvinian, and they 
might be described as Mousterian implements on a x^ossibly Mes- 
vinian horizon. 

The replacement of the Acheulean by Mesvinian in Belgium 
and the I’e-appearance of the Acheulean in Essex after a stage of 
the Mousterian industry, would seem to indicate the contempo- 
raneous existence of two races (possibly JEoanihroj^iis and Homo 
neandertalensis') which, perhaps under the influence of climatic 
changes, encroached on each other’s hunting-grounds. 

Mr. W. Whitaker said that the geological survey of the 
Clacton district was carried out, under his supervision, about half 
a century ago. Personally, he mapped only the less interesting 
tract east of Clacton ; while the more interesting beds west of 
Clacton were carefully noted by Mr. W. H. Dalton, who mapped 
that part. The work having been done so long ago, it was clearly 
time that the district should be again examinea? and fresh sections 
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noticed, iiiul he hoped that the Author would continue his work 
there. Coast-sections were liable to change, and needed constant 
observation. 

He was glad to note Mrs. lleid’s remarks as to the relations of 
the Clacton deposit with the Forest- Bed of the Norfolk coast. 
On stratigraphieal grounds he held that the latter was the older, 
and it was satisfactory that in this case stratigraphy and 
paheobotany were in agreement. 

Mr. W. Joirxsox suggested that, in view of the general 
character of the fauna and Horn of the Lea- Valley deposits, 
boreal would be a better term than Arctic, and that the latter 
term might be reserved as an equivalent for Glacial. "Where 
did the Author place the dividing-line between the Pleistocene 
and the Holocene ? Was the presence of the Mammoth deemed 
sufficient to class a deposit as Pleistocene ? He thought that the 
Admiralty section at Spring Gardens might be considered as 
marking* the commencement of a cold period, which lasted through- 
out the time when the buried channel was eroded, and during the 
inhlling of the greater portion of that channel, the Ponders End 
deposit coming near the close. After the Ponders End deposit 
came f ui*ther slight subsidences, indicated perhaps by the Hackney- 
Wick section. With respect to the Mesvinian implements, they 
seemed to represent types which are found in several periods, and, 
unless associated as a group, they would require further investi- 
gation before the date assigned could be accepted. 

Dr. 11, Jj. SiiEBxocK mentioned that recently he bad maj)ped a 
considerable area of clay at Clieshunt, in the Lea Valley. The 
ela}^ which appeared to be witliin the flood-plain ten'ace, was in 
part blue and in part black, the latter burning white as if the 
blackness were caused by organic matter. Unfortunately, only a 
very poor section had been seen, as the outcrop was built over, and 
evidence was obtainable solely fi'om well-records. 

The claj^, which has not yielded fossils, is usually from 2 to 3 
feet thick, although in one case there was over 14 feet of it. He 
asked the Author whether this clay was likely to be the Arctic Bed 
of Ponders End. 

Mr. G. W. Lamplugii asked wdiether the Author had found any 
evidence bearing on the relationship of the Clacton and Poiiders- 
End deposits to the products of the great glaciation which were 
recognizable a little farther north. 

Prof. P. G. H. BoswELii said that, according to the plant- 
remains, the Clacton deposits were to be correlated I'ather with 
those of Selsey than with the Cromer Forest- Bed, whereas the 
mammalian remains seemed to recall the Cromer Forest-Bed. It 
was indubitable that the Cromer Forest-Bed was earlier than the 
lirst great till of the East of England. 

Tlie Authoti thanked the Fellows for their favourable reception 
of his paper. He was glad that Prof. Sollas agreed with the 
Mousterian affinities of the flint-industry, which however, as a 
whole, was much more primitive than a true Mousterian industry. 
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sucli an that o£ the Stoke Newington ‘ iioor But it exactly 
tilled the place o£ a ])recursor of that indu.stry. 

In reply to Mr. Johnson, he agreed that the climate of the 
x^rctic Bed was not an extreme Arctic one. It was always dilhcult 
to draw sharp boundaries, but he thought that all British deposits 
yielding eonteinp-U'aiw Elephant and llhinoceros should be classed 
as Pleistocene. He was a little puzzled by the Admiralty section ; 
and would like to re-examine it in the light of the comparative 
evidence now available. 

He thought it extremely ]-)roba.ble that the clay in the Hood- 
plain gravel referred to by Dr. Sherlock represented the same 
iVrctie Bed ; but it would, of course, need examination. 

In reply to Mr, Lamplugh’s question, he had not found any 
direct evidence of the relation of the Clacton bed to the CTlaeial 
deposits ; but the higher-terrace gi-avels with Chellean implements 
•contained erratics probably derived from the Boulder Clay, while 
the Clacton bed occupied a tributary channel which Avas trenched 
through the j)lain of that higher termce. 

With reference to the question mised by Prof. Boswell, the 
mammalia of the Clacton bed were very different from those of 
the Forest-Bed; in the Author’s opinion, JSlcplim meridiomli^^ 
Rhinoceros etrmcus, and their associates, which characterize the 
Forest-Bed, were definitely pre- Chellean, 
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169. 

Discam phiceras gen. nov., 288. 

Dixa priscula^ 142. 

sueciiiea, 141. 

Dixey, F., on the Geology of Sierra 
Leone Ititle onZy], i. 

Dixon, E. E. L,, 542-43. 

Doulpus, G. F., 125 ; Lyoll Medal 
awarded to, xlvii-l. 

Dolomitization of coral by guano, 2. 

Donors to Librax'y, lists of, xviii- 
xxiii. 

Doubly-refracting liquid, cry.-^talliza- 
tion of, iv. 

Douglas, G. V., on the Geological 
Results of the Shackleton- 
Rowett (Quest) Expedition, x-xi. 

Douglas, J. A., re-elected Secretary, 
xxvii. 

DouviLLE, H., elected For. Member, 
‘ cviii. 

Down, County (Ireland), glaciation 
of, 394-405, 

Dunalastair, see Kinloch Rannoch. 

Dungannon (N.E. Ireland), glaciation 
of neighbourhood, 379. 

Dwekbyhouse, a. R., on the Glacia- 
tion of North- Eastern Ireland, 352- 
421 figs. & pis. xxiii-xxiv, 422, 

Dyab, H. G., 143, 

Dyer’s Quarry, see Meledor, 
Dynam-anamorpHsm, second^irry, . in 
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Mona Com 2 >lex of Anglesey. 342- 
43, 

Eartlnximkes. in N. Italy. 231-30 w. 
raaj) ; in tiiG Pamir region, 237-45 
^v. luaj). 

Kbbington, a. S., on tlie Bortlerlantl 
of Astronomy & Geolog’y, ii~iii. 

Edwards, F. W., on Olig-oeene 
Mosquitoes in tlio Britisli Museum ; 
with a Summary of our Present 
Knowledge concerning Fossil Cu- 
licidre, 139-54 ligs. & pi. vii. 155. 

Election of Auditors, v 5 of Council 
& Officers, xxvii ; of Fellows, i— ii, 
iii-iv, ix, x, cv, cvi, cwi, cviii, ex ; 
of Foreign Members & Foreign 
Covrespondents, cviii-cix. 

Elephas-aiitiqiiiis Bed of Clacton-on- 
Sea, 606— 36 figs. 

Elles, Miss Gr. Ii., 33. 45, 507, 541- 
42. 

Ellon Series, 541 et seqq, 

Elpliin Hill (Aberdeenshire), 460-01. 

Fact montana, 631. 

Eocene mosquitoes, 140-41 ; Eocene 
deiDosits of W. England, petro- 
graphy of, 203 etseqq,, 212-17 figs., 
228. 

Epidote-chlorite-schists of Start area, 
182-85 w. chem. anals. & pi. xj 
opidote-hoimblende - schists 
185-87 w. chem. anals. & pi. xi. 

Epiphyton<i Ixxix-lxxx. 

Bquiseiaceous steins (Permo-Carb.), 
fr. Falkland Is., 317-21 figs. & 
pis. xix-xxi. 

EnopteHtes tertiaria^ 142. 

ErpetocypHs reptans, 627. 

Errochty Water (Perthshire), .sect, 
descr., 429. 

Estimates for 1923, xxxri-xxxyii. 

Evans, J. W., xiii, 203. 

Falkland Is., fossil plants fi*om, 313- 
33 figs. & i>ls. xix-xxii. 

Faulting & folding in Llanwrtyd dis- 
trict, 29-30 figs. ; in Gorris-Aberl- 
lefenni district, 531-37 figs. 

Fearnsides, W. G., 643-44. 

Fellows elected, i-ii, iii-iv, ix, x, ov, 
cvi, cvii, cviii, cx ; names read out, 
i, cx ; number of, xxiv-xxvi. 

Fermob, L. L,, [exhibits slides of 
pleochroio cordierite], cxi. 

Financial report, xxxvi-xliii. 

Fdett, J. S„ 442, 484, 485, 576; 
[receives Wollaston award for H, 
H. Bead], li. 

Flint-industry (Falsaolithic), at Clac- 
ton-on-Sea, 613-14. 


Fluorite in St. Austell granite, 551, 
561-02. 

Fuel Croehaii (MeriuiiGth),.«ect. along, 
.522. 

Folding & faulting’ in Llanwrtyd 
district, 29-30 figs. ; in Corris- 
Aberllefenni district, 531-37 figs. 

Foliation, linear ( & minor folding) in 
the Schichallion district, 438—40 
w. map. 

Foreign Members, list of, xxviii ; 
elected, cviii ; For. Correspondents, 
list of. xxix ; elected, cviii-cix. 

Fotjrmabier , P.. elected For. Cor- 
resiionJent, cwii. 

Fox, Howard, obituary of, Ix-lxi. 

Fmitirictila Itifqyicia, 63.., 

Fydlyn Beds (Anglesej"), 336-40 fig.?. 

Fyvie Schists, 448 et seqq. w. chem. 
anals. 


Gabbro type of ■ contaminated rock ", 
458-59". 

Gallow Hill (Aberdeenshire), 460, 
474. 

Gangamoptej'iiS cyclopteroides^ 330 & 
pi. xxii. 

Garnedd-%ven Beds (Bala), 523—25. 

Garnet-quartz -muscovite- schists of 
Start area, 189-90 &> pi. xi ; garnet 
rare in Cretac. & Tertiary deposits 
of W. England, 211, 221-23. 

Garvagh (N.E. Ireland), glaciation 
of country N. of, 390-91. 

Geixie, Sir Abchibadd, re-elected 
Foreign Secretary, xxvii ; obituary 
of G. Capellini, Iv-lvi. 

Geology, borderland of astronomy 
and, ii-iii ; bearing of recent ad- 
vances in physical science on, cvii- 
cviii. 

Gibb, A. W., 484. 

Gilbertite-granite (Cornwall), 569, 
567-69. 

Girvan (Ayrshire) area, rock-sueees- 
sion correl. w. that of Corris, 540, 

Girvanella^ Ixxix. 

Glaciation of H.B. Ireland, 352-422 
figs. & pis. xxiii-xxiv. 

Glenaan (Antrim), glaciation of, 366- 
67. 

Glenariff (Antrim), glaciation of, 368. 

Glenarm (Antrim), glaciation of, 371. 

Glenballyemon (^trim), glaciation 
of, 367-68. 

Glencloy (Antrim), glaciation of, 371. 

Glenoroft Quarry (Aberdeenshire), 
472. 

Glendun (Antrim), glaciation of, 366- 

66 . 
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Glenkiln-Hartfell age of Llan^\Ttyd 
rooks, 18. 

Glenravel (Antrim), g^laciation of, 
368-69. 

Gloeocapsa pi'iara, Ixsxiv. 

GloiS 802 yteris Bvown iaua^ 325 Apl. xx. 

indica, 321-24 & pis. xix -xxi. 

Glyn Oeiriog (N. Wales), rock-suc- 
cession oorrel. w. that in S.W. 
Berwyns, 500-502. 

Gneisses of Mona complex, 341 -50 
fig-s. 

Goldschmidt, V. M., elected For. 
Correspondent, eviii. 

Goonvean Quarry (Cornwall), mineral 
oomj)ositioii of china-stone from, 
568. 

Gordon, W. T., xii -xiii, 44 ; award 
fr. Lyell Fund to, liv. 

Gothan, W., 125. 

Granite of St. Austell, iniorometric 
study of, 546-76 figs. 

‘ Great Serpentine Belt ’ of N.S.W., 
157 ef seqq. w. map & section. 

Green, J. F. K, 14-15, 443-44. 

Green Schists of Start area, &o., 173 
et seqq,, 180-88 w. ohem. anals. & 
pis. x-xi, 199-202. 

Greenly, E., Further Researches on 
the Succession & Metamorphism 
in the Mona Complex of Anglesey, 
334-50 %s., 851. 

Grebnoxjgh, G. B., relics of, pre- 
sented, ox. 

Greensand (Upper) of W. England, 
petrography of, 205 et seqq., 207- 
12 fig. 

Groves, J., on the Gharophyta from 
Clacton- on- Sea, 623. 

Gude, G. K., 583. 

Gurnet Bay (I. of Wight), Middle 
Oligooene mosquitoes from, 139, 
142-52 figs. & pi. vii. 

Gwna Beds (Anglesey), *385-36 w. 
chem. anals. 

Haldon Hills (Devon), petrography 
of Cretaceous & Eocene deposits, 
205 et seqq,, 207-12 fig., 214-17 
figs. 

Halle, T. G., elected For. Corre- 
spondent, oviii. 

Harker, a., obituary of H. Reusch, 
Ivi-lvii. 

Hartley, W. B., 335. 

Hatch, F. H., obituary of A. H. 
Curtis, Ixiii-lxiT. 

Hawkins, H. L., 171. 

Hayhillock (Aberdeenshire), 461, 

Hengae Group (Bala), 515-18. 


[vol. Ixxix, 

Hensbarrow area (Corn\vall), micrr)- 
metric study of granite in, 547 et 
seqq. 

Herries, B. S., re-elected Treasurer, 
xxvii. 

Highlands of Scotland, 'Green Schists ’ 
compared w. those of Start area. 
200-201. 

Hilton Croft Quarry (Aberdeenshire), 
460. 

Hinton, M. A. C., Note on the 
Rodent-Remains from Clacton-on- 
Sea, 626. 

Hokonui Hills (N.Z.), Jurassic of, 
251-52. 

Holland, Sir Thomas, G02. 

Holmes, T. V., obituary of, lix-lx. 

Holtedahl, O., 543. 

Hooley, R. W., 139. 

Hornblende - biotite - quartz - plagio - 
claso rock (Kinharrachie Type), 
465-67. 

Hornblende-epidote-albite-sehists of 
Start area, 185-87 w. chem. anals. 
& pi. xi. 

Hornblende-schists of Mona Com- 
plex, 340-41 ; in Dalradian of 
Perthshire, 432 ; of Ellon Series, 
451-53, 478. 

Mornea, xc, xcvi. 

Hornfelses (&> xonoliths) in Arnage 
district, 473-78 w. chem. anal. 

Hostimella, xcv, 

Hungary, Upper Cretaceous Roptilia 
of, 100-16. 

Hunter River Series, see Permo-Car- 
boniferous. 

Hydrohmmatito, 54. 

JSyenia, xcviii. 

Hypasteroceras, gen. nov., 84. 


Ice-Age, man and the, v - ix. 

Hmenite, rare in W. England Cretac. 

Tertiary deposits, 211, 223. 
Ilyocypris gibba, 628. 

Incoherent phosphate of Ocean Island, 
4-5. 

Inkhom (Aberdeenshire), norite of, 
453. 

Inoceramus of. galoi, 274-75 &pl. xv* 

liaasti, 275-76 & pi. xv. 

Ireland (N.E.), glaciation of, 852- 
422 figs. A; pis. xxiii-xxiv. 

Irfon R. (Brecon), sect, desor., 27, 
Iron-ores in St. Austell granite, 560. 
Isophosphatic planes, 8 et seqq. 
IssEL, A., obituary of, Ivii. 

Italy (N.), earthquake of 7th Aug. 
1895, 231-36 w, map. 
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Jaffna Peninsula (Ceylon), Miocene 
of, 578-80, 

Jessen, Kn., 125. 

Johnson, W., vi-vii, 635. 

Jolt, J., Murchison Medal awarded 
to, xlv-xlrii ; on the Bearing of 
some Recent Advances in Physical 
Science on Geology, cvii— c^dii. 

Jones, O. T., 507, 541, 542; demon- 
strates crystallization of doubly- 
refracting liquid, iv. 

Jurassic mosquitoes (r), 139-40 ; Ju- 
rassic of New Zealand, 246-312 w. 
map & pis. sii-xviii. 

KallolHbotion bajazidi, gen. et sp. 
nov., 104-105. 

Kawhia Harbour (N.Z.), Jurassic of, 
254-36 w. map. 

Hemp, J. P., elected For, Correspon- 
dent, cviii. 

Hennaed, A. S. (& B. B. Wood- 
ward), on the Non-Marine Mollusea 
of Clacton-on-Sea, 629-34. 

Hilliekrankie Schist, 426 et seqq. 

King, W. B. R., on the Upper Ordo- 
vician Rocks of the South-Western 
Berwyn Hills, 487-507 figs. & pi. 
xxvi, 544-45. 

Kinharrachie (Aberdeenshire) Type 
of ‘ contaminated rocks 468, 
465-67. 

Hinloch Rannocb (Perthshire), Dal- 
radian, &c. near, 436, 436, 

Kirk Hill, see Hilton Croft, 

Koldebitp, C. F., 484 ; elected For. 
Correspondent, cviii. 

Kudremalai (Ceylon), Miocene of, 
583. 

Kuttung Series (Middle Carbonife- 
rous), 159, 161. 


Laminated shale (Lias), 53, 88, 

Lamplugh, G. W., 421, 636; [re- 
ceives Bigshy medal for E. B, 
Bailey], 1, 

Land- plants, earliest, Ixxxv-lxxxvi. 

Landslips in connexion w. Pamir 
earthquake, 241 et seqq, 

Lang, W. D., 154; on Shales- with- 
‘ Beef a Sequence in the Lower 
Lias of the Dorset Coast, 47-66 
figs. & pis. iii-iv, 99. 

Lb Lacheub, W. J., 33, 44. 

Lea Valley, late-Glacial stage in, 
603-605. 

Leda sp. (Callovian), 263 & pi. xv. 

Lelant (Cornwall), Pliocene of, 206 
et 8eqq,t 221-23. 


Lex>idodendroid stems fr, Falkland 
Is., 314-17 fig, & pi. xix. 

Lias, shales- with-* beef ’ in (Char- 
mouth), 47-99 figs. <fc pis. iii-iv ; 
see also Jurassic. 

Library, annual reiiort of Committee, 
xvi-xviii ; lists of donors to, xviii- 
xxiii. 

Lidias geilcei var., 505-506 & pi. 
xxvi. 

Liebisch, Th., obituary of, Iviii. 

Limar (Clacton-on-Sea), 631. 

Limnaea auricula ida, 632. 

fi'uncafnla, 632. 

Lindgren, W., elected For. Member, 
cviii. 

Linear foliation, see Foliation. 

Lisson, C. I., elected For. Corre- 
spondent, cviii. 

Lithionite-granite (Cornwall), 557- 
59, 567. 

Lifhostrotion, generic characters re- 
defined, 167-68. 

anindineum, 168. 

eolumnare^ 168. 

mai'tiiii, 167 & pi. ix. 

staiivellense, 167, 168 & pi. ix. 

Lizard area (Cornwall), * Green 
Schists ’, compared w. those of 
Start area, 200. 

Llandeilian of Corris - Aberllefenni 
area, 512, 513-15 fig. 

Llanwrtyd (Brecon), igneous &> assoc, 
rocks of, 16-46 figs. & pis. i-ii. 

Loughaveema (Antrim), overflow- 
channel, 360 & pi. xxiii. 

Lustleigh Cleave (Devon), petro- 
graphy of gravelly deposit, 223- 
24. 

LuxuUyan area (Cornwall), micro- 
metric study of granite in, 547 ei 
seqq, 

Lyeel Medallists, list of, xxxii ; 
recipients of L, Fund, list of, 
xxxiii ; L. Medal awarded to G. F. 
Dollfus, xlvii-1 ; L. Fund awarded 
to W. N. Benson & W. T. Gordon, 
liii, liv. 

Lijtocet'as of. rex. 297, 

Macgbegob, M., 484. 

Magnetite in St. Austell granite. 560. 

Main R. (N.E. Ireland), glaciation of 
valley. 392-94. 

Man & the Ice-Age, v-ix. 

Map of Ocean I., 9 ; of igneous 
rocks, &o. of Llanwrtyd, pi. ii ; 
illustrating stratigraphy of Shales- 
with-‘ Beef Charmoutfa, 50 ; of 
‘ G^eat Serpentine Belt ’ of New 



644 GENEEAIi 

South Wales, 15S *, g-eologleal, of 
Start area, 174 ; map illustrating 
observations of earthqxiake in IN'. 
Italy, 232 ; map of epicentral area 
of Pamir earthquake, 238 ; map of 
Kawhia Harbour (N. Z.)i 255 ; 
geol. map of Mynachdy, 336 ; 
maps illustrating the glaciation of 
H.E. Ireland, 356, 365, 370, 372, 
376, 384, 406, 408, 416, 419, 420 ; 
map showing linear foliation & 
folding in the Schiohallion district, 
440 ; geol. map of the Schiohallion 
district, pi. xxv ; map showg. 
younger plutonic rocks of H.E. 
Scotland, 447 ; map of the Arnage 
mass, 452 *, geol. map of the 
Ardlethen district, 468 ; map of 
pai’t of the Berwyn Hills, 488 ; of 
neighbourhood of Aber Marehnant, 
493 ; of the Blaen-y-cwm- Valley, 
496 ; illustrating geology of area 
betw. Corris & Machynlleth, 534 ; 
geol. map of district around Corris 
& Aherllefenni, pi. xxvii ; maps 
illustrating miorometrio study of 
St. Austell granite, 548, 556, 558, 
572 ; map of Ceylon, &o., 578 ; 
map of foreshore at Claoton-on- 
Sea, 610. 

Marazion (Cornwall), petrography of 
Eocene deposits, 212-13. 

Marehnant Valley (Berwyn HiUs), 
sect, in, 499 ; see also Aber March- 
nant. 

Marpolia, Ixxxhi. 

MA.B.R, J. E., vii, 125. 

Ma-BSHAIiI*, P., on the Jurassic of 
Kawhia Harbour, 254-66 w. map. 

Meledor (Cornwall), mineral compo- 
sition of granite, 549 et seqq, 

Muirzisn, P., 125. 

Meiacyntibites gen. nov., 76. 

Metamorphosed rocks of Start area, 
petrology of, 172-204 w. chem. 
anals., map, & pis. x-xi; meta- 
morphism, regional, in Schiohallion 
district, 438-40 w. map. 

Meteorite £r. Ashdon, exhibited, cxi. 

Micas in St. Austell granite, 557-60 
ag., 563. 

Mica-schists of Start area, 173 ei seqq.^ 
178-80. 

Mieroderocems in the Shales-with- 
‘Beef’, 81-82. 

Mieroraetric study of St. Austell 
granite, 546-76 dgs. 

Microtus agrestoides (?J^ 626. 

MiIiNTOB, H. B., 229. 


INDEX. [vol. Ixxix, 

Minihagalkanda (Ceylon), Miocene 
of, 580-82. 

Miocene of Ceylon, 577-602 figs. <& 
pis. xxviii-xxix ; Mioc. mosquitoes, 
152-53. 

Mochloiiijx sepulius, 141. 

Moib, J. Beid, viii-ix. 

Mouengraaep, Gr. A. F., elected 
For. Correspondent, oviii. 

Mona Complex (Anglesey) ‘ Green 
Schists ’ compared w. those of 
Start area, 201-202 ; succession <fc 
metamorphism in, 334-51 figs. 

Moraines in H. part of Antrim 
plateau, 358-59. 

Mora ilia, Ixxxiii. 

Mosqiiitoes, Oligocene, in tho British 
Museum, 139-55 figs. & pi. vH. 

Mourne Mts. (Down), glaciation of, 
401-405. 

Murchison Medallists & recipients 
of M. Fund, lists of, xxxi ; M. Medal 
awarded to J. Joly, xlv-xlvii ; M. 
Fund awarded to T. H. Withers, 
lii. 

Mydrim Shales, equivalent strata at 
Llanwrtyd, 23, 32. 

Mynachdy (Anglesey), Py dlyn Beds 
of, 336-37 w. map, 338-39. 

Haines of Fellows read out, i, cx. 

Hant Cerdin (Brecon), sect, in, fig. <fc 
desor., 25-27. 

Nant Cwm-du (Brecon), sect, desor,, 
27-28. 

Hant-Gwyn Farm (Brecon), sect- 
descr., 28- 

Narrow Vein (Bala), 621-23, 

Neagh, Lough (Ireland), glaciation of 
basin, 375-83 w. map ; do. of cen- 
tral depression north of, 383-94 w, 
map. 

Nematophycus, Ixxx-lxxxii. 

Neocalamites CarrereiffJ fr. Falkland 
Is., 319-21 & pi. XX. 

New South Wales (Australia), Ru- 
gose corals from Burindi Series of, 
156-71 figs. <& pis. viii-ix. 

New Zealand, Jurassic of, 246-312 
w. map & pis. xii-xvhi. 

Newton, E. T., 619. 

Newton Abbot (Devon), petrography 
of Oligocene deposits, 206 et seqq., 
217 . 

Nod Glas (:6ala), 517-18. 

Nodular masses in Green Schists of 
Start area, 187-88. 

Nodnles, calcareous, in BhaleS-with 
‘ Beef 54; 96-97 fig. 
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XopcsA, Baron F., on the Geolog*ieal 
Importance of the Primitive Bep- 
tilian Fauna in the Uppermost 
Cretaceous of Hungary, with a 
Description of a Now Tortoise 
{Kallil'ohotwji), 100-16. 

Norite of Arnage district, 4»53-57 
figs. w. ehem. anals. 

Norway (W.). ‘ Green Schists ’ com- 
pared w. those of Start area. 
202 . 

Number of Fellows, xxiv-xxvi. 


Ocean I. (Pacific ), phosphate deposit 
of, l-lo figs. 

Officers (& Council), election of, xxvii. 

Oldham, E. D., 116 ; on the Earth- 
quake of 7th August, 1895, in 
Northern Italy, 231-36 av. map ; 
on the Pamir Eai-thquake of ISth 
February, 1911 237-45 w. map. 

Oligocene mosquitoes in the British 
Miiseum, 139--55 figs. & pi. vii; 
Oligoc. deposits of W. England, 
l)etrography of, 206 et t^eqq., 217- 
20 figs., 228. 

Olivine-basalt, albitized, of Llan- 
■svrtyd, 23-24, 42-43 & pi. i. 

Orbicvlioia malabarica, 591-92 & 
pi. xxviii. 

Ordovician, &c. plants, Ixxviii-lxxxvi ; 
Ordovic. igneous & associated 
rooks of Llanwrtyd, 16-46 & pis. i- 
ii ; Upper Ordovic. of S.W. Berwyn 
Hills, 487-507 figs. & pi. xxvi, 541 
et seqq.% Orddvic. of Corris-Aber- 
llefenni area, 512, 513-25 fig. 

OHliis (Dalmanella) sp. 607. 

Orth is-actonisa Group, 491-92. 

Orthis-alternata Sandstones, 490-91. 

Orthoelase in St. Austell granite, 
555-56 fig. 

Orthomenis transylvaniciiSt 106-106. 

Ostrea vu'leti^ 596-98 figs. 

Overflow- channels. Glacial, in N.E. 
Ireland, 359 et seqq. figs. & pis. 
xxiii-xxiv. 

Overt, Eev. C., on the Glacial 
Succession in the Thames Catch- 
ment-Basin \titXe only"}^ x. 

Owen, U., Nates on the Phosphate- 
Deposit of Ocean Island, with 
Eemarks on the Phosphates of 
the Equatorial Belt of the Pacific 
Ocean, 1-14 figs., 15, 

Owencam (Antrim) overflow-ohannel, 
361, 362 fig. 

Oxytoma spp. (Jurassic of New Zea- 
land), 271-73 & pis. xii-xiii. 


Pach y theca. Ixxxi. 

Paladilhia ratliqtieli. 632. 

Palseolycna pcohJenutf 152-53. 

PalseopUys miUei'i, xcix. 

Pamir earthtpiake of 18th Feb. 1911. 
237-45 w. map. 

Paper-coal (Upper Oligocene), mos- 
quitoes in, 141-42, 

Paiier- .shale (Liaa). .53, SS. 

Paracalftcems gen. nov.. 77. 

Pacadasycenis geiu nov.. 291. 

Paradoafoceras gen. nov,, 305. 

Pamllelodoit eyectouianua. 263-64 A' 
pi. xiv. 

Pamcniocecas in the Shales- with - 
‘ Beef 73. 

Pacha decipien.'<. Ixxxv-lxxxvi. 

Part, G. M., xiii, 45. 

Pecteu (Camptoiiectea) cf. lens, 276 
& pi. xiii. 

{SyncyclonemaJ sp. (Calloviani, 

276-77 <& pi. XV. 

Pegmatites w. foliated ultrabasie 
encasements in basic gneiss, 344- 
48 figs. 

Pen-y-garnedd Group (Caradocian), 
492-94. 

Penmynydd zone of metamorphism 
(Anglesey). 340-41. 

Permo-Carboniferous of New South 
Wales, 159 et seqq,; Pemio-Carb, 
plants fr. Falkland Is., 317-28 figs. 
& pis. xix-xxii, 329-31. 

Petrockstow (Devon), petrography of 
Oligocene deposits, 206 et aeqq., 
219-20. 

Pli acopsCPtecygo meto^^u s) hrongniarii 
veer., 506 &, pi. xxvi. 

Phemibter, J., 484. 

PhillipsUiella Beds (Lr.), 494-98. 

Phosphate-deposits of Ocean I,, 1-15 
figs. 

Phylloceras Gi,f£. mediteri'aneiim, 294- 
96 & pi. xiv, 

aif. i)ortschi, 290-91 pi. xviii, 

cf. polyol cam, 296-97. 

Phyllotheca austmlia (?) fr. Falkland 
is., 318-19 <fc pis. xix, xxi. 

Physical science, recent advances in, 
& their bearing on geology, evii- 
cviii. 

PiDGEON, see Daniel. 

Pinna pachyostraca sp, nov., 593 & 
pi. xxix. 

Plagioolase in St. Austell granite, 
556-57 fig., 562-63. 

Plant-life, earlier records of, Ixvi-civ. 

PlatypJiyllum, xcviii. 

Pleuromya sp. (Jurassic of New Zea- 
land), 277, 
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Fleurotomana sp. (Hettangian), 261- 
62 & pi. xii. 

Pliocene deposits of ‘W. England, 
petrography of, 206 et tteqq.^ 221- 
23 fig*., 229. 

Flymen, a. H., 45, 98, 204. 

Plynlimon area, rock - succession 
correl. w. that of Corris, 537-39. 

Pont Erwyd Stage (Valentian), 525— 
30. 

Portleniontli - Start area (Devon), 
mica-schists of, 178-79. 

Potamocypvi^ trigonaliis, 628. 

Pre-Cambrian plants, Ixix-lxxviii. 

Prestwick Medallists, list of, xxxiv. 

Pringle, J., obituary of W. H. 
Booth, Ixiv. 

Prior, Gt. T., exhibits Ashdon 
meteorite, cxi. 

Proleo'poldia gen. nov., 307. 

Pi'otaca HtJiodiscus gen. nov., 305. 

Protannularia^ Ixxxii. 

Protocyrnhites gen. nov., 77. 

Protole pidod e ndron, xcvi. 

Pseudaetomoceras gen, nov., 77, 

PaeUfdamnicola co>ifuisa, 632. 

Pseudogamieria gen. nov., 307. 

Paeudomonotis cf. echinata, 271 & 
pl. xiii. 

marshalli sp. nov., 270 <&pl. xv. 

Pailoceras sp. cf. calcimontamim, 
289-90 «fe pl. xii. 

CBuphyllites?) spp. indet.,288— 

89 & pl. xii. 

Psiloph-yton (?) hedei^ Ixxxv ; PsilO’ 
pJiyton &> Rhynia, xoii j Ps. gold- 
achmidti, xcii-xoiii. 

Psygvnophyllum^ xoix. 

PteHa of. contorta^ 273—74 & pl. xii. 

Pugh, W. J., on the Geology of the 
District around Corris & Aberlle- 
fenni (Merioneth), 508-41 figs. & 
pl. xxvii, 545. 

Puj (Hungary), Dist of Cretac. fos- 
sils, 101, 

* Putty-naarl 54, 

Quartz in St. Austell granite, 548 
et seqq. figs., 563-55, 562-63. 

Quartz-biotite-f elspar- cordierite rooks 
(Arnage Typo), 459-64 figs. w. 
chem. anals. 

Quartz-keratophyre tuff, 40 & pl. i. 

Quartz-inica-schists of Start area, 
1 7 8-8 0 ; quartz-muscovite-schists 
ibid., 189-90 pl. xi. 

Quartzite in Gwna Series, chem. 
anals. of, 335-36. 

Quartzite Group in Sohiohallion dis- 
trict, 426-26 ; beds betw. do. <& 
Struan Flags, 427-28. 
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Quaternary mosquitoes, 153. 

Quest Expedition, geol. results of, 
x-xiii. 


Radley, E. G., 484. 

Ratsin, Miss C. A.. 99. 

Read, H. H., award fr. Wollaston 
Fund to, li-lii ; on the Petrology 
of the Arnage District in Aber- 
deenshire ; a Study of Assimilation, 
446-84 figs., 486. 

Reader, T. W., obituary of, Ixv- 
Ixvi. 

Red Vein (Bala), 520-21. 

Reeley, a., 52. 

Regional metamorphism in Schichal- 
lion district, 438 -40 w. map. 

Reid, C., 125, 619-20. 

Reid, Mrs. E. M., 125, 138 ; [com- 
municates Miss M. E. J. Chandler’s 
paper], 117 ; (& Miss M. E. J. 
Chandler), on the Barrowell Green 
(Lea Valley) Arctic Flora, 604- 
606 ; (<& Miss M. E. J. Chandler) 
on the Fossil Flora of Clacton-on- 
Sea, 619-23. 

Renier, a., elected For. CorresiDon- 
dent, oviii-cix. 

Reptilian fauna, primitive, in Upper 
Cretaceous of Hungary, 100-16. 
Retew area (Cornwall), micromotrio 
study of granite in, 547 et seqq. 
Beksch, H., obituary of, Ivi-lvii. 
Rhahdodoii prisciim, 105, 
Rhacophyllitea aff. diops is, 292-93 &> 
pl. xviii. 

Rhinoceros hemifpechns & Rh. mega- 
rJiinus at Clacton-on-Sea, 617-18. 
Rhynchonella (CryptorhynchiaJ I'ati'- 
hiana sp. nov., 283-84 & pl. xvi. 

spp. (Jurassic of New Zealand), 

281-83 & pis. xii, xvi, 

Rhynia, Ixxxix-xc, xcvi. 

Rhyolitic breccias of Llanwrtyd, 18 
- et seqq., 34 & pl, i, 

Rhyphus pHscus, 140, 

Riasanites gen. nov., 306. 
Richardson, W. A., Petrology of 
the Shales- with-* Beef 88-98 figs., 
99 J on a Micrometrio Study of the 
• St. Austell Granite, 546-76 figs. 
Riddaford Water (Devon) petro- 
graphy of gravelly deposit, 223. 
Riverstown (N.B. Ireland), section 
near, 414 fig. 

Rocky Creek Series, see Kuttung^ 

* Rotten- stone ’ in Llanwrtyd mud- 
stones, 21. 

Rowett, j. Q., xi, 

Russell, F., 335. 
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Sadek, H., 591. 

St. Agnes (Cornwall), Pliocene of, 206 
et seqq.^ 221-23. 

St. AnsteH (Cornwall) granite, micro- 
metric study of, 546-76 figs. 

St. Erth (Cornwall), Pliocene of, 206 
et seqq., 221-23. 

St. Stephen area (Cornwall), micro- 
metric study of granite in, 547 
et eeqq, 

Saloombe estuary (Devon), metamor- 
phosed rocks B, & W. of, 175-78. 

Salopian of S.W. Berwyn HiUs, 490, 
500. 

Sandpoed, K. S., viii, 

Schichallion District (Perthshire), 
geology of schists of, 423-45 fig. 

& pi. XXV. 

Scottia hroicniana, 628. 

Semicassis spp. (Miocene), 600. 

Serpentine Belt of New South Wales, 
157 et seqq, w. map & sect. 

Seward, A. C., re-elected President, 
xxvii; addresses to Medallists & 
recipients of funds, xliv et seqq . ; 
obituaries of deceased Bellows, &o., 
Iv-lxvi ; on the Earlier Eecords of 
Plant-Life, Ixvi-civ, (& J. Walton), 
on a Collection of Bossil Plants 
from the Balkland Islands, 313-33 
figs. & pis. xix-xxii. 

Shackleton-Eowett (Qnest) Ex- 
pedition, geol. results of, x-xiii. 

Shides-Tvith-' Beef * (Charmouth), 47- 
99 figs. & pis. iii-iv. 

Shannon, W. G. St. J„ on the Petro- 
graphy & Correlation of the Igneous 
Bocks of the Torquay Promontory 
[title onl^], V. 

Sherdock, E, L., 635. 

‘ Short-rock 54. 

Siberian, &c. plants, Ixxviii-lxxxvi. 

SlatteHtes gen. nov., 87. 

Slieve Croob (Down), glaciation of, 
399-401. 

Slieve Gallion (Tyrone), glaciation of 
area betw. Belfast Yalley and, 
375-83 w. map. 

SKeve Gullion area (N.E. Ireland), 
glaciation of, 405-15 w. maps & 
sect. 

Smith, Stanley (& W. N. Benson), 
on some Hugose Corals from the 
Burindi Series (Lower Carboni- 
ferous) of New South Wales ; 
together with a Short Account of 
the Dpper Palmozoic Books of the 
Area in which they were collected, 
156—70 figs- & pis. viii-ix, 171. 
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Smith, W, Camfbelii, xi— xii, 52, 54 ; 
re-elected Secretary, xxvii ; [com- 
municates B. W. Edwards's paper], 
139. 

Solenopora^ Ixxx. 

SoLLxVS, W. J., 634 ; on Man & the 
Ice-Age, V— vi, ix ; obituary of 
E. Westlake, Ixii. 

Spath, L. B., on the Ammonites of 
the Shales-with-' Beef 66-88 
w. distribution-table ; on Ammo- 
nites from New Zealand, 286-308, 
& pis. xii, xiv, xvii, xviii. 

Spencer, J. W. W., obituary of, Ixv. 

Spencer, L. J., obituary of Th. 
Liebisch, Iviii ; obituary of Sir 
William P. Beale, Ixii. 

Spessartine-almandine in schists of 
Start area, 190. 

Spilites & spilite-breccias of Llan- 
wxtyd, 19-20, 34-38 & pi. i. 

Spiriferina (?) sp., CaUovian of New 
Zealand, 285-86 & pi. xvi. 

SponcJyltis icaylandi sp. nov., 593-95 
figs. &, pi. xxix. 

Stamp, L. D. (<& S. W. Wooldridge), 
on the Igneous & Associated Eocks 
of Llanwrtyd (Brecon), 16—44 figs. 
& pis. i-ii, 46. 

Start area (Devon), petrology of 
metamorphosed rocks of, 172-204 
w. map & pis. X— xi. 

Stewart, P. C. A., obituary of, Ixiv- 
Ixv. 

Stores, Marie, 154-55. 

Siratiotes, geol. history of genus, 
117—38 figs. & pis. V— vi. 

acuticostaiiis sp. nov., 127 & 

pis. V, vi. 

aloides, 118-20 figs., 132-33. 

headonensis sp. nov., 125-26 & 

pis. V, vi, 

interTnedius, 132 <& pis. v, vi. 

Jcalteimordheimenms, 130-31 & 

pis. V, vi. 

negleetus sp. nov., 126 & pis. v, 

vi. 

ihalietroideSi 129 & pis. v, vi. 

tuherculatuSf 131—32 & pis. v, 

vi. 

mehsteri^ 128-29 & pis. v, vi. 

Btromlnts spp. (Miocene), 599—600. 

Struan Bl^, beds betw. Quartzite 
Group and, 427—28 5 line of con- 
tact betw. Dalradian Series and, 
435-38. 

StrutMomurtos transylvanioiiSy 106— 
107. 

Svhsteueroceras gen. nov., 305. 

Subvitreous phosphate of Ocean I., 6 . 

2x 
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SidGiferites in the Shales-with-‘ Beef 
78-81. 

Sweeting, G. S., 14. 

SwiNNEY, L. A. B., obituary of, Ixiv. 


’VsRihiorhynchus (?) cockerelli sp. nov., 
151-52 fiLg*. 

Tamworth. Series (BeTonian), 157, 
161. 

‘ Taplow Terrace ’, 603, 607 et seqq. 

Teall, J. J. H., 350-51 5 obituary 
of Howard Box, Ix-lxi. 

Terebratula (JSCeimia?) sp., Oallovian 
of New Zealand, 285 & pi- xvi. 

(KutchithyrisJ cf. acutiplicata, 

284-85 & pi. xvi. 

Termier, P., elected Bor. Corre- 
spondent, cix. 

Tertiary (& Cretaceous) outliers of 
W. En^fland, petrography of, 205- 
30 figs. 

Thames Valley (Lr.), correlation of 
drifts in, 608. 

Thomas, Herbert H., 44, 547 j 
[receives LyeU award for W. N. 
Benson], liiij on the Source of 
Origin of the Stones of Stonehenge 
{^Utle only'}, ox. 

Thursophyto^i, xoviii. 

Thysanoceras cf. comiocopia, 293-94 
& pi. xviii. 

TilXiBY, C. B., 485-86 ; on the 
Petrology of the Metamorphosed 
Bocks of the Start Area (South 
Devon), 172—203 w. map & pis. x- 
xi, 204. 

^ianoaaurus dacus, 107. 

Topaz in Cretaceous of Haldon Hills, 
210, 214 fig. ; in St. Austell granite, 
551, 561, 563. 

Tourmaline in St. Austell granite, 
551, 561, 563. 

Towie "Wood (Aberdeenshire), 459, 
474. 

Tragophyllocera^ radstocle&nse nom. 
nov., 293. 

Translucent phosphate of Ocean I., 

6 . 

Tbechmann, C. T., on the Jurassic 
Books of New Zealand, 246-86 
w. map & pis. xii-xvii, 312. 

Trigonia hawTiiana sp. noy., 277-79 
So pi. xiii. 

Trinafour, see Errochty. 

Trueman, A. E., 52. 

Trust-Bunds & Special Bunds, state- 
ment of, xl~xlii. 

Tuff-bands in Llanwrtyd mudstones, 
38-39. 


Tittcher, j, W., 52. 
Tyrrell, G. W., x. 


Uliligites hectori, 298 & pi. xvii. 
Unio littoralis, 633. 


Valentian of the S.W, Berwyn Hills, 
490, 500 ; of Corris-Aberllefenni 
area, 512, 525-31. 

Valvata antiqua, 633. 

Vivipara dilitviana, 632, 


Wayland, E. j., on the Miocene of 
Ceylon, 577-84 w. map. 

Waikato district (N.Z.), Jurassic of, 
253-54. 

Walton, J. (& A. C. Seward), on a 
Collection of Fossil Plants from 
the Falkland Islands, 313-33 figs. 
& pis. xix-xxii. 

Warren, S. H-, vii; on the Late- 
Glacial Stage of the Lea Valley 
(Third Beport), 603-604 ; on the 
Mephas-antiqmis Bed of Clacton- 
on-Sea (Essex), So its Flora So 
Fauna, 606-19 figs., 635-36. 

Watts, W. W., 14, 116, 229-30, 544. 

Waulkmill of Savoch (Aberdeenshire), 
norite, &o. of, 454, 460. 

Waun Fault, 536. 

Welch, B. J., 421. 

Wells, A. K., 33, 44. 

Welshpool (Montgomeryshire), rock- 
succession correl. w. that in S.W, 
Berwyns, 600. 

Westlake, E., obituary of, Ixii. 

Whitaker, W., vi, 634-35 ; Wol- 
laston Medal awarded to, xliv-xlv ; 
obituary of T. V. Holmes, lix~lx, 

Williams, A. H., 154. 

Williams, G. J., 641. 

Williams, Howel, Daniel-Pidgeon 
Fund awarded to, cvi. 

Withers, T. H., award fr. Murchison 
Fund to, lii; on Ostracoda from 
the Mbephas-antiquus Bed of 
Clacton-on-Sea, 627-28. 

Wollaston Medallists So recipients 
of W, Fund, lists, of, xxx; W- 
Medal awarded to W. Whii^ker, 
xliv-xlv; W. Fund awarded to 
H. H. Bead, li-lii. 

Woodward, A. Smith, 116, 139, 
619 ; obituary of A. Issel, Ivii. 

Woodward, B. B. (<& A. S. Kennard), 
on the Non-Ma^e Mollusca of 
Clacton-on-Sea, 629-34. 
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Wooldridge, S. W. (& L, D. Stamp), 
on the Igneous & Associated Rocks 
of Llanwrfcyd (Brecon), 16-44 figs. 
& pis. i-ii, 46. 

WoRDiE, J. M., xii. 

Wright, R. E., elected For. Corre- 
spondent, cix. 

Wylfa (Anglesey), Fydlyn Beds at, 
337, 339. 

Xenoliths (& hornfelses), in rocks of 
Amage district, 473-78 figs., 481- 
84 w. ehem. anals. 


Xeatina (Ceylon) sp., 583. 
Xipherocera.'i in the Shales-with- 
‘ Beef 82-83. 


Yowlie Burn (Aberdeenshire), 470. 
471. 

Yst'W'yth Stage (Valentian), 531. 


ZiNNDORP, J., 125. 
ZonHoides etca vatiis, 631. 
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GEOLOGICAL SOCIETY OE LONLOM. 


SESSION 1922-23. 


November 8th, 1922. 

Prof. A. C. Sewabd, Sc.D., P.E.S.,. President, 
in the Chair. 

The List of Donations to the Librarj was read. 

The Names of certain Fellows of the Society were read out for 
the second time, in conformity with the Bye Laws, Sect, VI, Art. 5, 
in consequence of the Non-Payment of the Arrears of their 
Annual Contributions. 

The following communications were read : — 

1. ‘ The Earthquake of 7th August, 1895, in Northern Italy.’ 
By Eichard Dixon Oldham, E.E.S., V.P.G.S. 

2. ‘The Pamir Earthquake of 18th February, 1911.’ By 
Eichard Dixon Oldham, F.E.S., V.P.G.S. 

3. ‘ The Geology of Sien*a Leone.* By Frank Dixev, D.Sc., 
F.G.S. (Read by Dr. H. H. Thomas, M.A., V.P.G.S.) ‘ 

Mr. R. D. Oldham exhibited lantern-slides in illustration of his 
papers ; and lantern-slides and microscope-slides were exhibited in 
illustration of Mr. Dixey’s paper. 


November 22nd, 1922. 

Prof. A. C. Seward, Sc.D., F.R.S., President, 
in the Chair. 

Thomas Wyatt Bagshawe, the Grove House, Dunstable (Bed- 
fordshire) ; ii^hur Lennox Coulson, M.Sc., Finchley, 10 King 
von. 1.XXIX, 
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Street, Elsternwick, Victoria (Austmlia) ; Evan Lle\yelyn Davies, 
B.Sc., Tregenna, Clydach (Glamorgan) ; James Johnstone, B.A., 
M.B., F.B.C.S., 90 King’s B.oad, Richmond (Surrey) ; George 
Mitchell, M.Inst.C.E., 4*1 ^ Union Street, Aberdeen ; the Rev. 
Charles Overy, St. Frideswide’s Vicai-age, Oxford; William Poxon, 
Southgate View, Clowne, near Chesterfield ; George Norman Scott, 
M.Sc., H.M. Inspector of Mines, 22 Richmond Road, Handsworth, 
Birmingham ; James Clark Templeton, B.Sc., e/o the Bitumen 
Company, Gjorgiceva Ul. 2/II, Zagreb (Yugoslavia) ; and Wilfrid 
Seymour Walker, c/o Strick, Scott Ltd., Mohammerah (Pei’sia), 
were elected Fellows of the Society. 

The List of Donations to the Library was read. 

Prof. Abthub Stanley Eddington, M.A., F.R.S., Pres.R.A.S., 
then proceeded to deliver a lecture on The Borderland of 
Astronomy and Geology. He considered first, in reference to 
rival hypotheses as to the origin of the Earth and the solar system, 
the general evolution of the stellar universe. The trend of modern 
astronomy is against the view that luminous stars are being formed 
by collisions of extinct stars (unless very exceptionally) ; the stars 
now observed have systematic relations one to the other, apparently 
indicating that they have been formed as the result of a single 
evolutionary process sweeping across the primordial matter. 
Collisions, in any case, would be extremely i*are, since dynamical 
arguments indicate that extinct stars cannot greatly outnumber 
the observed luminous stars. Whether the original matter was 
gaseous or meteoric, it must have become entirely gaseous at a 
very early stage in the formation of a star : this is inferred from 
the fact that the masses of stars difer very little one fi-om the 
other, and agree numerically with a certain critical mass, predicted 
theoretically for a sphere of gas, but unexplained if the star 
consisted of a swarm of meteorites. It is supposed that radiation- 
. pressure was instrumental in breaking up the original matter 
into separate stars. These considerations favour the nebular 
hypothesis ; but, if we accept Jeans’s suggestion that the solar 
system is an exceptional formation, and that undisturbed stars 
cannot give birth to a planetary system, the argument is less 
cogent, since it refers only to stars developing noimally. Astronomy 
now demands a great enlargement of Lord Kelvin’s time-scale for 
the age of the sun ; the most direct evidence is obtained from 
Cepheid variables, which are found to be developing at only 1/5Q0 
of the rate which Kelvin’s hypothesis assumed. The sun must at 
one^ time have given out from 20 to 50 times as much heat 
as it emits now; but it is uncertain whether any geological 
strata go back to an epoch when the sun was sensibly hotter 
than now. Darwin’s views on tidal evolution and the origin of 
the earth-moon system seem to have held their own against 
all criticism. The present mte of lengthening of the day (deduced 
from ancient eclipses) is about 1 minute in 6 million years ; it 
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is, therefore, difficult to date the birth of the moon later than 
1000 million y-ears ago. There seems to be no objection to the 
postulate that the Earth had a cool solid crust at the time of 
the catastrophe, if that would explain geological observations ; the 
Pacific Ocean may be the depression which was left, and may 
have received the waters which formerly covered most of the Earth. 
The dissipation of energy by the tides occurs chiefly in the 
land-locked shallow seas, G. I. Taylor having shown that the 
Irish Sea alone accounts for 1/50 of the whole amount. The 
brake on the Earth’s rotation is thus a sm*face-brake ; and the 
hypothesis suggests itself that there may be a slip of the outer 
•crust over the interior at the ‘zone of weakness’. If the slip 
is irregular, this would help to explain certain astronomical 
■observations of izTegularities in the longitudes of the moon, sun, 
and planets. It might even be the cause of the motion of the 
magnetic poles. The brake, being applied irregularly over the 
:surfaee, would also tend to crumple the crust. The postulated 
looseness of the crust might also permit the North Pole to move 
about over the surface ; but exceedingly long periods of time 
would be required, since there is no systematic tendency of the 
*erust to move in latitude. 

Dr. J. W. Evans, Prof. W. J. Sollas, Mr. B. D. Olhham, 
Dr. G. T. PmoR, and the President haring made certain obser- 
vations and queries, to which the Lecturer replied, a cordial vote of 
"thanks was unanimously accorded to him b 3 ’' the Fellows present. 


December 6th, 1922. 

Prof. A. C- Seward, Sc.D., P.B.S., President, and afterwai'ds 
Mr. E. D, Oddham, F.B.S., Vice-President, in the Chair. 

John Bickman Bourchier, Furze Beeds, Midhurst (Sussex) ; 
CJharles Henry James Clayton, M.B.E., M.Inst.C.E., 53 Carlton 
Avenue, Dulwich, S.E. 21 ; William James Cousins, 2 Dorlcote 
Boad, Wandsworth, S.W. 18 ; Leslie Beginald Cox, B.A., Assistant 
in the Department of Geology, British Museum (Natural History), 
:95 Mattison Boad, Harringay, N. 4; Beginald Gordon Doyle, 
F.C.S., The Larches, 28 Newlands Park, S.E. 26 ; David Gibby, 
B.Sc., Glyn Llewellyn, Clynderwen (Pembrokeshire) ; Harry Cecil 
Haworth, B.Sc., 82 Leamington Boad, Blackbuim (Lancashire) ; 
George Arthur Hughes, 47 Thornhill Square, N. 1; Herhei't Stanley 
Hunter, Thornton House, Hartburn, near Morpeth (Northumber- 
land) ; Agnes Irene McDonald, M.Sc,, Demonstrator in Geology 
at Bedford College, 103 Bel^iave Boad, S.W. 1 ; William Edward 
Frank Macmillan, 42 Onslow Square, S.W. 7 ; Sidney Leonai-d 
Mainprize, Wydale, St. John’s Avenue, Bndlin^on (Yorkshire) ; 
Leslie Hamilton Ower, Government Geologist, Belize (British 
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Honduras) ; the Hon. Hubert Lister Parker, B.A., Hether Worton 
House, Steeple Aston (Oxfordshire) ; George Henry Plowman, 
JBoxmoor Koad, Highfield Hoad, Southampton ; Charles Murray 
Pollock, B.A., Harefield, Chaucer Boad, Cambridge ; George 
Scotland Sweeting, Imperial College of Science & Technology, and 
38 Pulborough Koad, Wimbledon Park Koad, S.W. 18 ; and John 
Walker Walton, L.B.S., Tower House, 16 Manor Koad, Folkestone*, 
were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. ‘Geological Investigations in the Falkland Islands.’ By 
Herbert Arthur Baker, D,Sc., D.I.C., F.G.S. 

2. ‘On a Collection of Fossil Plants from the Falkland Islands/ 
By Albert Charles Seward, Sc.D., F.K.S., Pres.G.S., and John 
Walton, B.A. 

Kock-specimens, fossils, microscope-slides, and lantern-slides 
were exhibited in illustration of the foregoing papers. 


December 20th, 1922. 

Prof. A. C. Sewabd, Sc.D., F.K.S., President, 
in the Chair. 

Kobert Bleeck, A.K.S.M., 20 Liverpool Koad, Kingston Hill 
(Surrey) ; Wilfred Horman Edwards, B.A., Assistant in the 
Geological Department of the British Museum (Natural Jlistory), 
Cromwell Road, S.W. 7 Charles Frederick Pilcher, 122 Windsor 
Koad, Forest Gate, E. 7 ; and Ernest Bowes Tyrrell, B.A., 
17 Camden Terrace, Clifton Vale, Bristol, were elected Fellows of 
the Society. 

The List of Donations to the Library was read. 

Prof. OwEir Thomas Johes, M.A., D.Sc., F.G.S., gave a 
demonstiation of the Crystalliisation of a Doubly-Ke- 
fracting Liquid. 

The following communications were read : — 

1. ‘A Micrometric Study of the St. Austell Granite (Cornwall) 
By William Alfred Richardson, M.Sc., F.G.S. 
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2. ^The Petrogmphy and Correlation of the Igneous Hocks of 
^e^Toi^imy^Promontoiy.’ By William George St. John Shannon, 

Lantern-slides were exhibited in illustration of Mr. W. A. 
Kichardson’s paper, and rock-specimens and lantern -slides in 
illustration of Mr. W. G. Shannon’s paper. 


January 10th, 1923. 

Prof. E. J. Gahtv’ood, Sc.B., P.H.S., Vice-President; and after- 
wards Prof. A. C. Sewahd, Sc.B., F.R.S., President, in the Chair. 

The List of Donations to the Library was read. 

The following Fellows, nominated by the Council, were elected 
Auditors of the Society’s Accounts for the preceding year: — 
Feebeimce: Noel Ashcroft, M.A., and Richard Mountford 
Deelet, M.Inst.C.E. 

Prof. William Johnson Sollas, Sc.D., F.R.S., F.G.S., then 
proceeded to delh^er a leetm^e on Man and the Ice-Age. 

He said that, thanks to the researches of General de Lamothe, 
Prof. Deperet, and Dr. Gignoux, the Quaternary System now takes 
its place as a marine formation in the sti*atified series. 

Four ancient coast-lines, of remarkably constant height, have 
been traced around the Mediterranean Sea and along the western 
rshores of the North Atlantic Ocean. These, with their associated 
sedimentaiy deposits, foi’m the successive stages of the Quaternary 
sSystem : namely, the Sicilian (coast-line about 100 metres) ; the 
Milazzian (coast-line about 60 m.) ; the Tyrrhenian (coast-line 
about 30 m.) ; and the Monastirian (coast-line about 20 m.). 

The Sicilian deposits rest unconformably upon the Calabrian 
(Upper Pliocene), and in their lower layers contain a characteristic 
■cold fauna. The fauna of the Milazzian is warm- temperate, of the 
Tyrrhenian and Monastirian still warmer, for they contain numerous 
•species of mollusca which now live ofE the coast of Senegal and 
the Canary Islands. 

The three lower coast-lines correspond with the three lower 
river-ten’aces of the Isser (Algeria), the Rh6ne, and the Somme. 
.Hepce it may be inferred that the position of the river-terraces 
has been determined by the height of the sea-level. 

The lower gravels of the three lower terraces of the Somme all 
contain a warm fauna, JEllephas antiqnuB and JSippopotamus^ and 
thus (like the corresponding marine sediments) testify to a warm 
tclimate. The climate of the Quaternary age was, on the wl^pje 
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warm- temperate or genial, but inteiTupted by comparatively short 
glacial intervals. 

The outermost moraine (Mindel) of the E,h6ne Glacier is asso- 
ciated with the Milazzian terrace, the intermediate moraine with 
the Tyrrhenian, and the innermost moraine (Wiirm) with the 
Monastirian : except for theii* serial order, these associations are 
(in a sense) accidental. 

It is now possible to assign the Palaeolithic stages of huinani 
industry to their place in the Quaternary System : thus the 
‘ Strepyan ’ or pre-Chellean is Milazzian in age ; the typical Ch el- 
lean — Tyrrhenian ; the evolved Chellean, Aoheulean, and Lower 
Mousterian — early Monastirian ; and the Upper Mousterian, 
Aurignacian, Solutrian, and Magdalenian — later Monastirian. 

The coast-lines of the Northern Hemisphere appear to have 
their counterparts in the Southern Hemisphere, and the researches 
of Dr. T. O. Bos worth in Peru and Prof. G. A. P. Molengraa:^ 
in the East Indies have revealed extensive marine Quaternary 
deposits and successive movements of the sea-level. 

The Quaternai’y movements are probably due to a general de- 
formation of the globe, involving eustatic changes in the level of; 
the sea. 


Discussion. 

Mr. W. Whitaker noticed a matter as to which there seemed" 
to be some doubt. While it was of great interest to hear of the- 
agreement in levels of coastal beaches and of river-terraces, 
that agreement would seem to be limited to the estuarial part of 
the river- valleys. In the more inland parts the floor of the valleys, 
rose, and the terraces might rise also : consequently, a terrace at,, 
say, 100 feet in one place, would be at a higher level farther up 
the valley. In river-terraces inland one had to consider the 
height above the neighbouring river, i-ather than that above the 
sea. 

Mr. Waiter Johnson doubted whether eustatic movements of 
the sea could account for the facts as observed in the Lower 
Thames Basin. On that theory, we must suppose that the area 
maintained a fixed position with respect to the Earth’s centre, and 
that each new base-level was provided by successive retreats of the 
sea, until, after the formation of the ‘ buried channel the waters 
again advanced. It was just as reasonable to suppose that the 
movements of land and sea were mutual. The general parallelism 
of the Thames terraces far inland, with their almost uniform 
height above the river-bed, might perhaps accord with the marine 
theory. On the other hand, the depth and narrowness of the 
buried channel seem i*ather to indicate a late date for the climax 
of the Glacial Period, and to harmonize with G. K. Gilbert’s 
observations on the pressure and erosive power of ice in Alaskan 
estuaries. The speaker asked whether the Lectux’er considered 
that the third (40-metre) teirac e of the Somme was cut in latest^ 
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Pliocene times, or not until Cliellean times ; and further in what 
manner it was suggested that Palaeolithic implements were carried 
into the loess of the Somme valley. 

Mr. S. HazziiEbes'e Waeeejt was particularly* pleased that the 
Lecturer did not follow the Penck theory of identification of the 
river-terraces with the glaciations : a theory which had always 
appeared untenable to the speaker. As the Lecturer had said, the 
river-terraces rejn’esented, not glaciations, but base-levels of erosion, 
and it must not he forgotten that the. base-level of a river- valleys 
was not a dead level with respect to the sea, hut a curve which 
rose upwards inland. 

The speaker wished to emphasize the importance of the cold marine 
fauna of the Sicilian stage, as that was the approximate time at 
which he believed the major glaciation of Euroj>e to have oeemTed. 
Mr. M. A. C. Hinton and Mr. A. S. Kennard relied upon the 
poverty of palieontologieal evidence of cold in earlier Pleistocene 
times ; but the Sicilian stage afforded another illustration of the 
proverbial danger of negative evidence. 

Prof. J. E. Mabr called attention to the difficulties which had 
attended attempts to draw up a classification of the deposits 
containing relics of Man in relationship to glacial accumulations. 
He felt that a study of the marine deposits would help greatly. 
As the features of termces would be destroyed in areas which had 
undergone glaciation after their formation, he advocated a detailed 
study of the Pleistocene marine faunas of Britain, on the lines of 
the work of Prof. W. O. Brdgger. There was much material, 
scattered through many museums in this country,* which awaited 
the attention of an expert in Pleistocene conchology^ 

Prof. P. G-. H. BoswELii remarked that the work of Prof. 
Dep^ret on marine terraces in Western and Southern Eui’ope had 
produced results so consistent as to be doubtful. In particular, 
being based on eustatic movements, it did not take into account 
the prevalent and important diastrophie movements that charac- 
terized late Pliocene and Pleistocene times. Other cogent argu- 
ments against Prof. Beperet’s views had recently been published 
by F. Leverett,^ E. de Martoniie, and others. 

As a result of his studies. Prof. Bep^ret had added yet another 
method to the already long list, by means of which the attempt at 
correlation of British and Continental Pleistocene deposits had 
been made. None of these methods had, up to the present, been 
entirely successful: local maximum glaciations were not neces- 
sarily synchronous ; the range of the lai-ger mammalian remains in 
British deposits was not established, and mixtures of faunas were 
detected ; ‘ cultural drift ’ may have confused a possible correla- 
tion of deposits containing established types of implements, and so 
on. If, however, as a result of further work, it was foui?d that 
several of these methods convei^ed to give consistent results, a 
basis of correlation would be established. Before such could be 


' Bull. Geol. Soe. Am6r. vol. xxxiii (1922) p, 472. 
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e:ffiected, it was essential tliat we should be able to produce from 
this country evidence of a definite succession involving glacial 
deposits and evidences of Man for comparison with the foreign 
successions. The excavations necessary to establish this succession 
had recently been begun by Mr. J. Reid Moir in East Anglia, the 
geological evidence being collected by the speaker. Already 
excavations near Ipswich had indicated that brick-earths con- 
taining unabraded Acheulean implements overlay the Chalky- 
Kimmeridgian Boulder Clay, and were in turn overlain by dis- 
turbed gravels containing wisps of Boulder Clay and scratched and 
abraded Chellean and Mousterian implements. In view of the 
fact that Mr. Reid Moir claimed to have found pre-Chellean or 
early Chellean implements at the base of the Cromer Forest-Bed, 
and that I’emains of JSlephas aiitiquus were most abundant in 
that deposit, a possible solution appeared to lie in the penecon- 
temporaneity of the iJ^Torth-Sea Drift of Cromer (* Lower (Ilacial ’) 
and the Chalky-K.immeridgian Boulder Clay (‘Upper Glacial’). 
The latter did not mark the last glacial ex)isode in the East of 
England. An intensely chalky Boulder Clay and deposits showing 
much (apparently glacial) disturbance occuiTed above it; these 
might, as Mr. Reid Moir contended, be correlated eventually with 
the Lower Mousterian deposits of the Continent. 

Mr. H- Dewey called attention to the difficulty encountered in 
deciding to which terrace particular deposits belong. As implements 
of Chellean and Acheulean forms are, in many known instances, 
of the natux'e of derived fossils, they cannot be used to ‘ date ’ 
precisely the deposit in which they occur. The first working-sites 
are of Mousterian age, and this appears to be rather later than the 
50-foot teri*aee. The mised beach at Brighton and Bembridge 
contains implements of Chellean and Acheulean forms ; it appears 
to be contemporaneous with the 50-foot terrace, and possibly also 
with the raised beach of South Wales and the South of Ireland, 
which are covered with' houldei’- clays belonging to the period of 
maximum glaciation. But, according to the current view, the 
»50-faot terrace is later than the Chalky Boulder Clay, and hence 
.arises a problem that remains to he solved. 

Mr. K. S. Satofoeb remarked that the late Clement Reid^ 
-and Dr. A. E. Salter® had referred to the discovery of remains 
•of JElephas meridionalis Nesti, and possibly of JS. antiquus^ 
in bedded Upper Pliocene deposits at Dewlish in Dox'set. These 
beds rest, not in pipes as at Lenham, but upon the -Chalk-surface at 
350 feet above O.D. : they would seem to correspond to the deposits 
•of the 100-metre Sicilian coast-line, and as such a^ord useful 
-evidence in support of the faunal and sti-atigraphical sequence 
•suggested by Pi’of . Dep^ret. 

The Seceetaey I'ead a letter from Mr. J. Reib Moir, expi-essing 
his regret that he was unable to be px'esent at the lectum. The 

^ ‘ The Pliocene Deposits of Britain ' Mem. Geol. Surv. 1890. 

® Proo. Qeol. Assoc, vol. xy (1897-98) p. 279. 
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belief that the English Palseolithic flint-implements of Chellean, 
Acheulean, and early Mousterian periods were of Interglacial 
age had been forced uiDon him by the results of his researches in 
East Anglia. That they had commonly been referred to post- 
'Grlacial times was, in his opinion, due to the fact that English 
:geologists had con lined their attention to gravel-deposits made up 
•entirely of derived material, of which the implements formed a part. 
These, however, as in the similar case of Jurassic material found 
in post-Glacial ’ gravels, must be referred to some pre-existing 
•deposit or land-surface, and it was only the discovery of unabraded 
specimens resting upon or beneath undisturbed Glacial accumula- 
tions that was of any real value. He wordd like to call the 
attention of the Eellows j^r^sent to his published views on the 
subject,^ and to suggest that much important evidence might 
be forthcoming if detailed excavations were made in the Cromer 
Forest-Bed. He pointed out that there was no fixed agreement as 
to the exact type of implement indicated by the term Chellean, 
and urged the need of a satisfactory nomenclature for British 
Palaeolithic deposits. 

The Lecturer agreed with Mr. “Whitaker in emphasizing the 
importance of measuring the height of river- terraces from the river 
and not from the sea-level. In reply to Mr. Johnson, he stated 
that he thought there was no difei*ence of opinion as to the age 
•of the Somme Valley : its excavation was completed down to the 
iii'st terrace at the close of the Chellean ; but he knew of no 
Chellean flooi'S in that valley. Hunters often camped by the side 
of a river, and implements were frequently lost on its banks. In 
reply to Mr. Hazzledine Warren, he was inclined to think that the 
river- terrace was already in existence before it was covered by the 
moraine associated with it ; but he had not seen sections that 
could dispose of this question one way or the other. Subsequent 
fan-deposits of outwashed gravel and other accidents would render 
investigation difficult, and might confuse the issue. 

To other speakers he ofEered Ms apologies for his imperfect 
hearing, which had prevented him from following closely their 
remarks. 


January 24th, 1923. 

Prof, A. C. Seward, Sc.D., P.R.S., President, 
in the Chair. 

Donald Ferbys Wilson Baden-Powell, B.A., Oriel College, 
Oxford; Ernest Charles Clutterbuck, Manland Beacon, Harpenden 
(Hertfordshira) ; and Edgar Morton, B-Sc., 9 Ashfield Grove, 
Busholme, Manchester, were elected Fellows of the Society. 


1 aeol. M&g, 1920, p. 221. 
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The List of Donations to the Library was read. 

The following commnnieations were read : — 

1. ‘On E-eptilian Kemains from the Karroo Beds of East 
Africa.’ By Sidney Henry Haughtoii, B.A., D.Sc., F.G.S. (Bead 
by Dr. A. Smith- Woodward, F.R.S., Pres.L.S., F.G-.S.) 

2. ‘ Glacial Succession in the Thames Catchment-Basin.’ By 
the Bev. Charles Overy, M.A., F.G.S. 

Lantern-slides were exhibited in illustration of Dr. S. H. 
Haugh ton’s paper, and lantern-slides and Palseolithic implements, 
in illustration of the Bev. Charles Overy’s paper. 


February 7th, 1923. 

Prof. A. C. Seward, Sc.D., F.B.S., President, 
in the Chair. 

John Edward Alfred Whealler, B.A., B4i The Waldrons, Croydon 
(Surrey) ; and Brio Stewart Willbourn, B.A., Assistant Geologist 
to the Federated Malay States, Batu Gajah (F.M.S.), were elected 
Fellows of the Society. 

The List of Donations to the Library was read. 

Mr. G. VibehtDoitolas thenpi'oceeded to deliver a lecture on the 
Geological Results of the Shackleton - Bowett (Quest} 
Expedition. The Lecturer said that St. Vincent and St. Paul’s- 
Bocks were examined on the way out, but the more detailed work 
commenced in South Geoi*gia. This island lies 900 miles east of 
Cape Horn, and is 100 miles long by 20 miles in width. Its. 
topographical features are those of an upland dissected by glacial 
action. The glaciers in general show signs of withdrawal.. 
Geologically, the island is composed of sedimentary rocks and, at. 
the south-eastern end, igneous rocks. These have been classified 
by Mr. G. W. Tyrrell as follows : 

Sedimentary Hooks.,. (1) Mudstones, shale, slate, phyllite. 

(2) Quartzite, greywaok^. 

(3) Oaloareous rooks. 

(4) Tufaoeous rocks. 

Igrneous Bocks (1) Gabhros and peridotite. 

(2) Dioritio and granitic rooks, 

(3) Bolerites and basalts. 

(4) Spilitic lavas and epidosites. 

The question as to whether the sediments I’epresent one con- 
tinuous period of deposition is open to dispute. The Lecturer 
thought that there were two distinct periods, divided by an 
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unconformity. Definite fossil evidence is diflScult to obtain, but 
A-raucarioxyloii has been identified by Prof. W. T. Gordon, which 
would point to an age not older than Lower Carboniferous. This- 
fossil came from the Bay of Isles, and was found in what the 
Lecturer believes to be the younger series. The rocks all shoAV 
signs of metamorphism, and the strike of the folds and lamellae of 
the phy Hites would point to the fact that the jiressiire came either 
from the south-south-west or from the north-north-east. Con- 
sidemble faulting was observed, both normal and reversed. 

The igneous complex east of Cooper Bay can be differentiated 
into two separate areas : (1) noifh of Drygalski Fjord, and (2) at 
Larsen Harbour. In the former area quaitz-diorite, peridotite, 
aplite, and syeiiitie lamprophyre with basement gabbro occur ; in* 
the latter area were found spilitie lavas (containing much epidote) 
and basement gabbro. The geneml types are not Andean. 

Elephant Island is situated in the Powell Group of the South 
Shetlands. Topographically, it is an ice-covered plateau rising 
to about 1200 or 1500 feet above sea-level. The rocks on the 
northern shore have been described by Mr. Wordie as contorted 
phyllites. The Lecturer’s observations at Minstrel Bay on the 
western coast showed that the rocks there were similar. At Cape 
Lookout, on the south side of the island, a metamorphic series was 
encountered : this, according to Dr. C. E. Tilley, consists of 
amphibolite, garnet-albite-schist, quartz-hornblende-epidote-schist, 
and banded sandy limestone. 

Observations irom the ship were made of the volcanic island of 
Zavodovski, in the South Sandwich Group, The Tristan da 
Cunha Group in the Southern Atlantic, 1500 miles west of the 
Cape of Good Hope, was also visited. The islands are of volcanic 
origin. Particular attention was paid to the existence of Middle 
Island. 

Gough Island lies more than 200 miles south of the Tristan 
da Cunha Group, and is 8 miles long by 3 miles in width. It is a 
monoclinal block, with dip-slopes to the west and escarpments to 
the east. The lavas forming these features are basaltic, and in- 
trusive into these lavas is a trachytic stock. Following this 
intrusion, the basalts were cut by a series of doleritic dykes. In 
general, it may be said that Gough Island presents many features 
similar to those that characterize the islands of Ascension and 
St. Helena. 


Discussion. 

Mr. J. QuiLiiEB Rowett laid stress on the fact that Shackleton’s 
great ideal was to promote the progress of science and to facilitate 
scientific research. The Expedition had added to our history a 
page worthy of the highest traditions of British exploration and 
British endeavour. 

Mr. W, CAMEBEiiii Smith said that the rocks collected by the 
Lecturer on Gough I. and in the Tristan da Cunha Group would 
prove of great value. Despite the fact that the Lecturer had 
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collected liis specimens under difficulties and on very rapid traverses, 
they were all accurately localized. With the exception of some 
■of the specimens collected on Gough I. by the Scotia Expedition, 
•earlier descriptions of rocks from these islands were based on 
.pebbles or poorly-localized specimens. As a result of the Qzwst 
Expedition nearly all the types recorded had now been found in 
place, and there would be sufficient material available for analysis. 
The rock collected on liovvett’s Peak (on Gough I.) proved to be 
•an essexite. ‘ The Apostle ’ was formed of aegirine-trachyte con- 
taining a problematical mineral (described by Dr. Campbell), 
believed by the speaker to be an iron-rich member of the olivine 
:group. The rocks of the Tristan da Cunha Group included basalts 
■and hornblende-bearing ti-achy-basalts, with trachytic lavas on 
Nightingale and Middle Islands. The rock described by 
A. Kenard as ^ bronzite-andesite ’ had been found i/i situ, and 
the * bronzite ’ appeared to be an olivine similar to that found in 
the trachyte of ‘ The Apostle ’ on Gough Island. 

Mr. J, M. WoKDiB remarked that the rocks from Elephant I. 
were of the same nature as the few specimens collected by the 
shipwrecked JS/idurance party in 1916, and the island may, there- 
fore, be regarded as composed throughout of crystalline schists in 
different degrees of metamorphism. The Lecturer’s work on 
South Georgia would undoubtedly help to elucidate some of the 
numerous problems presented by that island. Although only one 
fossil was unearthed, its importance was considerable, for it in- 
creased . the probability that the ‘ Cumberland Bay Series is of 
Mesozoic, rather than of Palaeozoic, age. The Lecturer appeared 
to have had the same difficulty in accepting Mr. Ferguson’s inter- 
pretation of the tectonics and stmtigraphy as the speaker himself 
felt in 1914. It is very doubtful whether there ai’e any uncon- 
formities in South Georgia. The Lecturer had cited a case with 
some evidence of one ; but, in view of the identity of strikes and 
of rock-types, would not reversed faults and very sharp folds 
explain the conditions more easily? Folds of this" nature were 
very obvious in some of the excellent photographs which the 
Lecturer had shown on the screen. 

Prof. W. T. Gorbotst said that the Lecturer had referred to a 
'plant petrifaction from South Georgia which the speaker was per- 
mitted to examine. The specimen was very imperfectly preserved, 
■for each cell had been disintegrated to such an extent tha-fc 
only the outline remained. Yet, small as were the fiagments, 
they were sufficiently large to allow of differentiation into pith 
and secondaiy wood. The wood could be proved to belong to 
the type Araucarioxylon, and the minute structure of the pits on 
the cell- walls of the wood favoured a Mesozoic, rather than a 
Palaeozoic, age for the specimen. It was impossible, on account 
of the poor preservation of the plant, to say whether it could be 
correlated with A.ntarctiGoxylon, and therefore with the Triassic 
genus J^hexoxylon from South Africa. The balance of the 
characters seemed to incline towards a Mesozoic age for the beds. 
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The ash in which the specimen was found had suifered deeom- 
l^osition, and this suggested some confirmation of the theory which 
the speaker had advanced, that petrification was eifected by colloidal 
solutions. The colloid would be absorbed by the plant-fi*agments, 
and the slightest deca^^'of these -would cause the colloid to ‘gelate.’ 
The gel would no longer be able to escape through the cell-- 
membranes, and would ultimately be deposited on the cell-walls.. 
In this way petrification would be initiated, and the agate-sti*ucture 
so frequently observed in each cell of a petrified plant could 
be easily and adequately explained. In well-known localities for- 
petrified plants, both in this country and abroad, decomposed volcanic- 
ashes were associated with the fossils, the latter occurring in the- 
ash itself or in ashy sandstones. As localilies for examples in 
this country, Rhynie, Pettycur, Gullane, Lennel Braes, Buns, etc. 
might be cited. 

The structure of the coal- balls of Lancashire seems to be incon- 
sistent with this theory ; but there were probably other methods 
of producing colloidal solutions, and there are some signs in the 
coal- halls that such solutions were present, such as the fibrous, 
radiate structure of the matrix. In any ease, the specimen from 
South Georgia occurred in a decomposed ash, and gave some con- 
fiiTnation of the general theory that, in volcanic ashes which are- 
in process of decomposition, the conditions are suitable for the 
petrification of vegeiSible fragments, because they favour the pro- 
duction of colloidal solutions. 

Dr. J. W. Etans agreed that the rocks of South Georgia and 
Elephant I. showed no affinities with the Andes, but neither did 
the rocks of the centre and east of South America, and so it was . 
still possible that they might represent part of that continent 
which had been left behind in a westward movement. The facts, 
disclosed by the Lecturer were consistent with either theory of the 
origin of the Atlantic (that which attributed it to the foundering 
of former land, and that which supposed that the adjoining con- 
tinents had drifted apart) or with a combination of both hypo- 
theses, which the speaker favoured. He asked whether an3»- of the 
islands contained ermtics that might be attributed to ice-transport, 
when the climate was more severe and the sea stood at a higher level. . 

Mr. G. M. Paet refen'ed to the very welcome addition which, 
the Expedition had made -bo our knowledge of the Cape Verde 
Islands. Apart from Dr. A. Harker’s description of the JB eagle' 
Collection, and certain work which was supposedly pix>eeeding in 
Germany (but of which there were no results published as yet), 
there had been no very recent descriptions of these rocks. The - 
island of St. Vincent consisted of the broken-down remains of a 
strato- volcano with a central core of ^plutonic types. The Quest 
Expedition had not collected any of these latter, owing -fco the 
shortness of the time available, but had brought back a number of 
interesting nepheline-bearing lavas (nepheline-basalts, basanites, 
and analcite-basalts) as well as limestones associated with them,^ 
and specimens of dylces similar petrographically to the lavas. 
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February 16th, 1923. 

Pi’of. Albert Charles Seward, Sc.D., P.R.S., 
President, in the Chair. 

Report op the Council por 1922. 

Durino- the year 84 new Fellows were elected into the Society 
i(28 more than in 1921). Of the Fellows elected in 1922, 67 
paid their Admission Fees before the end of that year, and, of 
the Fellows who had been elected in the previous year, 10 paid 
their Admission Fees in 1922, making the total accession of new 
Fellows during the past year amount to 77 (6 more than in 1921). 

Allowing for the loss of 41 Fellows (14 resigned, 24 deceased, 
^nd 3 removed), it will be seen that there is an increase of 36 
in the number of Fellows (as compared with an increase of 14 in 
1921). 

The total number of Fellows is, therefore, at present 1279, 
made up as follows ; Compounders 195 (3 less than in 1921) ; 
Contributing Fellows 1075 (39 moi’e than in 1921) ; and Non- 
Contributing Fellows 9 (the same as in 1921). 

Turning to the Lists of Foreign Members and Foreign Corre- 
spondents, the Council announces with regret the decease daring 
the past year of Senator Giovanni Capellini, Commendatore Arturo 
Issel, and Dr. Hans Reusch, Foreign Members, and of Prof. 
Theodor Liebisch and Prof. Ernst Weinschenk, Foreign CoiTespon- 
dents. There are now six vacancies in the list of Foreign Members, 
:and fourteen vacancies in the list of Foreign Correspondents. 

The total Receipts from all ordinary sources of income amounted 
to £4110 7s, 8i., and the ordinary Expenditure of the year to 
£3806 16s, iOc?. In addition, there was Special Expenditoe on 
arrears of publication amounting to £385 10s. Od.^ and there were 
Special Receipts amounting to £175 6s. 2d.^ including a grant of 
£100 from the Royal Society (in respect of the List of Geological 
literature for 1914) and transfers from the Sorby and Hudleston 
Requests. 

Vol. LXXVIll of the Quarterly Journal for 1922 was com- 
pleted by the publication of the fourth part on December 30th of 
that year. It contained thirteen papers, published at a cost of 
£1082 5s. Zd. These papers include all but three of those read 
before the Society up to the end of December 1921. There now 
Tenaain outstanding about twenty papers which have been read 
•duiing the present Session and in 1921. The Council, recognizing 
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the seriousness of this situation, contemplates the raising of a 
voluntary fund among the Fellows in order to clear oft* these 
arrears. 

The facts regarding the publication of the Lists of G-eological 
Literature are set forth in the Keport of the Library Committee. 

The Apartments of this Society have been used for General 
Meetings and for Council or Committee Meetings during the past 
year by the Institution of Mining Engineers, the Institution of 
Mining & Metallurgy, the Institution of Water Engineers, the 
Society of Engineers, the Mineralogical Society, the Palaeonfco- 
graphical Society, the Pay Society, the Persia Society, the Geolo- 
gists’ Association, and the South-Eastern Union of Scientific 
Societies. 

Under the will of the late Charles Papps Gloyne, the Society 
received during the year a sum vrhich has been invested in 
JB1676 17s. 3^ per cent. Conversion Loan (1961), for the 

purpose of establishing a Trust Fund, to be known as the Gloyne 
Outdoor Geological Research Fund. The regulations determining 
the appropriation of the income of this Fund have been di*awn up 
in conformity with counsel’s opinion, and an announcement will 
be issued in due course, inviting suggestions for the use of the fund. 

Sir Aubre}’- Straban and Mr. R. D. Oldham (afterwards re- 
placed by Prof. A. C. Seward) acted as the Society’s representa- 
tiives on the Conjoint Board of Scientific Societies. 

The Society 'vvas represented at the Brussels International Geo- 
logical Congress by Dr. J. W. Evans and Dr. J. S. Flett ; at the 
Centenary Celebration of the Yorkshire Philosophical Society by 
Prof. A. C. Seward; at the 700th Anniversary of the University 
•of Padua by Mr. G. M. Trevelyan ; and at the 150th Anniversary 
•of the Royal Academy of Belgixim by Prof. Louis Dollo. 

Mr. W. Whitaker was nominated as Delegate to the Bourne- 
mouth Congress of the Royal Sanitary Institute, and Mr. G. W. 
Lamplugh as Delegate to the Conference of Corresponding Societies 
«,t the British Association Meeting in Hxill. 

The Proceeds of the Daniel-Pidgeon Fund for 1922 were awarded 
to Mr. Herbert Price Lewis, of Sheffield University, who originally 
proposed to carry out researches on the Structure of certain 
Caninoid Corals occurring in the Carboniferous Limestone of 
North Wales at horizons higher than their reputed range ; hut he 
has since asked to be allowed to change the object of his research 
to the investigation of the distinction between the genera Ganinia 
«,nd Gampophyllum, 

Further, the following Awards of Medals and Funds have 
been made : — 

The Wollaston Medal to Mr. William Whitaker, in i*ecognition 
•of his long-continued researches concerning the mineral stinicture 
of the Earth, especially in connexion with the water-supply and 
underground geology of Surrey, Norfolk, and other parts of 
England, and of his earlier work on the Tertiary strata of the 
London and Hampshire Basins. 



XVI 


PBOC^JEDIiraS OE the aEOLOGHCAL SOCIETr. [vol. Ixxix^ 

The Murchison Medal, together with a sum of Ten Guineas 
from the Murchison Geological Pund, to Prof. John Jolj, as an 
acknowledgment of the value of his researches on the thermal 
properties of minerals, on the relations of radioaetivit 3 ^ to geology,, 
and of his estimations of the age of the Earth arising therefrom. 

The Lyell Medal, together with a sum of Twenty- five Pounds, 
from the Lyell Geological Fund, to M. Gustave F. Dollfus, 
as a mark of honorary distinction, and in recognition of the value 
of his researches on the Tertiary strata of the Paris Basin and 
other parts of Europe. 

The Bigsby Medal to Mr. Edward Battersby Bailey, M.C., as 
an acknowledgment of eminent services rendered by his researches 
on the tectonics of the South-West Highlands of Scotland. 

The Balance of the Proceeds of the Wollaston Donation Fund 
to Mr. Harold Herbert Bead, in recognition of the value of his 
work on the rocks of Aberdeenshire and Banffshire. 

The Balance of the Proceeds of the Murchison Geological 
Fund to Mr. Thomas Henry Withers, as a mark of appreciation 
of his contributions to our knowledge of the Cirri pedes. 

A Moiety of the Balance of the Lyell Geological Fund to- 
Prof. William Noel Benson, in recognition of the value of his 
researches in petrology, especially in connexion with the igneous 
rocks of New South Wales and of other parts of Australia and of 
Antarctica. 

A Moiety of the Balance of the Lyell Geological Fund to 
Prof. William Thomas Gordon, in recognition of the value of his 
researches on the Fossil Plants of Petty cur (Fife), and of his xnore 
recent woi'k on ArchcBocyathns from Antarctica. 


Bepobt op the Libbaet Committee fob 1922. 

The Accessions to the Library during the year have not differed 
greatly in amount from those in previous years. The number of 
complete volumes received is larger than in the two preceding 
years, while that of detached parts and pamphlets shows a slight 
decrease. Mention may be made of seventeen volumes (consisting' 
chiefly of text-books and standard works on ore-deposits) pre- 
sented by Mrs. Zabel from the library of the late Mr. C. F. Zabel,. 
F.G.S. 

The Donations received during the year number 72 volumes, 
of separately-published works, 410 pamphlets, and 8 detached 
parts of works ; also 179 volumes and 341 detached parts of 
^rial publications, 182 volumes and 328 parts of the publications. 
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of Geological Surveys and other j)ublic bodies, and 9 volumes of 
weekly periodicals. 

Further, 95 sheets of geological maps were received during 
the year. 

The number of accessions by donation amounts, therefore, to 
442 volumes, 410 pamphlets, and 672 detached parts. The Donors 
during 1922 included 131 Government Departments and other 
public bodies, 134 Societies and Editors of periodicals, and 102 
individuals. 

Further progress has been made in the resumption of exchanges 
Avith Societies, GoA’crnment Departments, and other Institutions 
on the Continent, Avith which relations had been suspended during 
the Avar. The Library noAv receives the publications of nearly all 
such Institutions, although in some cases it has been found im- 
possible to obtain complete sets for the interrupted period. 

Dmdng the year 137 volumes haA^e been bound. Owing to the 
high cost of binding, only the most necessary work of this descrip- 
tion has been undertaken, and a great many books are at present 
unbound or aAA’aiting repair, representing the accumulation of seA^eral 
years during AAdiich expenses under this heading haA^e been reduced 
to the minimum. 

The purchases during the 3 "ear included 11 volumes and 28 de- 
tached parts of works, and 41 volumes and 48 detached parts of 
Avorks published serial Ia", and 2 sheets of geological maps. Among 
these works Avere the following ; — 

0. K. Leith, ‘ Economic Aspects of Geology ’ 1922 j J. W. Gregory, ‘ Rift- 
Yalleys & Geology of East Africa * 1921 ; W. E. Ford, * Dana’s Text-book of 
Mineralogy ’ 3rd ed. 1922 ; R. A. S. MacAlister, ‘ A Text-book of European 
Archasology, i — Palaeolithic Period ’ 1921 ; A. Wegener, ‘ Die Entstehung der 
Kontinente & Ozeane ’ Srd ed. 1922 ; B. L. Sherlock, * Man as a Geological 
Agent ’ 1922 ; Travaux du Lahoratoire de G^ologie de la PacTilt4 des Sciences 
de Lyon, Paso. 1 — A. Biche & P. Boman, ‘ La Montagne de Cnissol, ifitude 
Stratigraphique & Paldontologique * 1921 ; Pasc. 2 — ‘ Monographie Pal^onto- 
logique de la Panne de Vertebras des Sables de Montpellier, I — Les Balein- 
opterea (M^moire posthume de Maurice GenneA^aux, r^dige & compMt^ par 
P. Boinan) ’ 1922 ; The Johns Hopkms University Studies in Geology : No. 1 — 
J. T. Singewald, Jr., &> E. W. Berry, ‘ The Geology of the Corocoro Copper- 
District of Bolivia ’ 1922 ; No. 2 — J. T. Singewald Jr., & E. W. Berry, ‘ Geo- 
logy & Palaeontology of the Huancavelica Mercury-District ’ 1922 ; No. 3 — 
E. M. Spioker, ‘ The Palaeontology of the Zorritos Pormation of the North 
Peruvian Oilfields ’ 1922 ; and No. 4 — E. W. Berry, ‘ Contributions to the 
Palaaobotany of Peru, Bolivia, & Chile * 1922. 

Also a geological map of Morocco, by L. Gentil, 1 : 1,500,000, 1920 ; and a 
geological map of French Equatorial Africa, by E. Loir, 1 ; 5,000,000, 1913. 

The number of volumes boiTowed from the Library during 1922 
was 1135, Of this total 663 were taken personally hy Fellows, 
and 472 were sent through the post. In addition, it is estimated 
that the Library was used for purposes of reference and study on 
nearly 1500 occasions. 

The List of Geological Literature for 1914 (No. 21) was com- 
pleted and published during the year under review. The List for 
the years 1915-19 is at present in the press. These two volumes 

VOIf. LXXIX. & 
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cover tlie whole period during which no List could be published, 
and they are each provided with a subject-index. It has not been 
found possible to resume the preparation of a subject-index to the 
Lists for current years, and the volume for 1921 was, therefore, 
published in April 1922 as an Author- Index only. The List of 
Geological Literature for last year, compiled on the same plan, is 
now in the pi’ess. The ineorpoi-ation in the Card Catalogue of the 
List for 1921 has been completed. 

The ordinary Expenditure incurred in connexion with the Library 


during the year 1922 was as follows : — 

.£ St dt 

For Books and Periodicals *77 6 6 

Por Binding 46 10 6 

For Catalogue Cards 6 0 0 

Por Sundries 18 0 


Total .£130 15 0 


The appended Lists contain the Names of Government Depart- 
ments and other Public Bodies, Societies, Editors, and Personal 
Donors, from whom Donations to the Libmxy have been received 
during the year under review : — 

I. Goveenment Departments and othee Public Bodies. 

Alabama, — Geological Survey. Montgomery (Ala.). 

American Museum of NTatural History. New york. 

Australia, Government of the Commonwealth of, 

Australia (South), etc. See South Australia, etc. 

Austria. — Geolcgische Staatsanstalt. Vienna. 

Baden. — Geologische Landesanstalt. Heidelberg. 

Belgium. — ^Acad^mie Koyale des Sciences, des Lettres & Beaux- Arts de Belgique. 
Brussels. 

Bergens Museum, Bergen. 

Berlin.— Preussische Akademie der Wissenscbaften. 

Bristol Museum <& Art Gallery. 

British Columbia. — Ministry of Mines. Victoria (B.C.). 

Brussels. — ^Mu$4e Koyale d*Histoire Naturelle de Belgique. 

Buenos Aires. — Museo Nacional. 

•California. — ^Academy of Sciences. San Francisco. 

University of. Berkeley (Cal.). 

'Cambridge (Mass.). — American Academy of Arts & Sciences. 

— — . Museum of Comparative Zoology in Harvard College, 

‘Canada. — Geological & Natural History Survey. Ottawa. 

. Department of Mines. 

Cape Town. — South African Museum. 

Colorado Springs. — Colorado College. 

Connecticut. — State Geological & Natural History Survey. Hartford (Conn,). 
Copenhagen. — Komitteen for Kap York Stationen, Thule. 

Cdrdoba (Argentine Republi<^. — Academia Nacional de Oiencias. 
'O^eoho-Slovakia. — Stdtnfho Geologickdho tJstavu. Prague. 
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Denmark. — Geologiske Undersogelse. Copenhagen. 

— . Kommissiou for Ledelseu af de Geologiske & Greogratiske Undersogelser 
i Gronland. Copenhagen. 

Dublin. — Roj'al Irish Academy. 

Egypt. — Ministry of Finance (Survey Department). Cairo, 

■' . idines & Quarries Department. Cairo. 

Federated Malay States. — Government Geologist. Kuala Lumpur. 

Finland. — Finlands Geologiska Lndersokning. Helsingfors. 

France. — Ministfere de I’Instruction Puhlique. Paris. 

. Museum d*Histoii*e Naturelle. Paris. 

. Service Hydrographique de la Marine. Paris. 

•Gold Coast. — Geological Survey. Accra. 

. Mines Department. Acci*a. 

Great Britain. — Colonial Office. London. 

■. Geological Survei*-. London. 

. Imperial Institute. London. 

. Imperial Mineral Resources Bureau. London. 

. Mines Department. London. 

. Ordnance Survey. Southampton. 

Hesse. — Geologische Landesanstalt. Darmstadt. 

Holland. — Departemeut van Kolonien. The Hague. 

Honolulu. — Bernice P. Bishop Museum. 

. Hawaiian Volcano Observatory. 

Hungary. — ^XJngarische Geologische Anstalt (Magyar Foldtani Tarsulat), 
Budapest. 

Illinois. — Geological Survey- Urbana (111.). 

. State Museum. Springfield (111.). 

India. — Geological Survey. C^cutta. 

. Mines Department. Calcutta. 

. Trigonometrical Survey. Debra Dun. 

ludo-China. — Service G^ologique. Hanoi-Haiphong, 

Iowa. — Geological Survej% Des Moines. 

Ireland. — Geological Survey. Dublin. 

Japan. — Earthquake-Investigation Committee. Tokio. 

. Geological Survey. Tokio. 

» — National Research Council. Tokio. 

Kansas University. ^ Lawrence (Kan.). 

Kentucky. — Geological Sux’vey. Frankfort (Ky.). 

Lausanne. — University of. 

London. — ^British Museum (Natural History). 

. Museum of Practical Geology. 

Madrid. — Museo de Ciencias Naturales, 

. Real Academia de Ciencias Exactas, Fisicas & Naturales. 

Mexico. — Instituto Geoldgico. Mexico City. 

. Seeretaria de Induatria, Oomercio <& Trabajo. Mexico City. 

Milan. — Beale Istituto Lombardo di Scienze & Lettere. 

Minnesota. — School of Mines- Minneapolis. 

Missouri University : School of Mines & Metallurgy. Bolla (Mo.). 

Munich. — Bayerische Akademie der Wissenschaften. 

Mysore. — Geological Department. Bangalore. 

Nancy. — Academic de Stanislas. 

New Jersey. — Department of Conservation. Trentham (N.J.). 

New South Wales. — Department of Mines. Sydney. 

. Geological Survey. Sydney. 

New York State Museum. Albany (N.Y.). 

New Zealand- — Board of Science & Art. Wellington. 

. Department of Mines. Wellington. 

. Dominion Museum. Wellington. 

, Geological Survey. Wellington. 

Nigeria. — Geological Survey. 

Norway. — Geologiske Undersokelse. Christiania. 

Norwich Castle Museum Committee. 

Ohio. — Geological Survey. Columbus. 

Ontario. — Department of Mines. Toronto. 

Padua. — Istituto Geologico della R. Uuiversit^i. 

. Reale Accademia delle Scienze. 

Paris. — ^Acad^mie des Sciences. 



XX PBOCEEDIlSrQS OE THE aEOlOQICAL SOCIETY. [yoL Ixxix,. 

Peru. — Miuistcrio cle Fomciito. Lima. 

Philippine Is. — Department of the Interior : liureau of Science. Manila. 
Poland. — Service Gdologique. Warsaw. 

Quebec. — Department of Colonization, Mines, & Fisheries. 

Queensland. — Department of Mines. Brisbane. 

. Geological Survey. Brisbane. 

Rhodesian Museum. Bulawayo. 

Rome. — Reale Accaclemia dei Lincei. 

Rumania. — Acadtmia Romana. Bucarcst. 

, Institutului Geologic. Bucarest. 

Russian Far East. — Geological Committee. Vladivostok, 

Scotland. — Geological Survey. Edinburgh. 

Sierra Leone. — Geological Survey. Freetown.^ 

South Africa. — Department of Mines. Pretoria. 

. Geological Survey. Pretoria, 

South Australia. Department of Mines. Adelaide, 

. Geological Surve 5 '. Adelaide. 

South Dakota School of Mines. Rapid City. 

Southern Rhodesia. — Geological Suvve 3 ', Salisbury. 

Spain. — Institute Geologico. Madrid. 

. Spanish Emhassj' in London. 

Stockholm. — Kongliga Svenska Vetenskaps Akademi. 

Sweden. — Statens Jarnviigars Geotekniska Konnnission. Stockholm. 

. Sveriges Geologiska Undersokning. Stockholm. 

Switzerland. — Geologische Koinmission der Schweiz. Berne. 

Tasmania. — Secretary for Mines. Hobart. 

Tdhoku, — Imperial University of Sendai. 

Tokio, — College of Science. 

United States. — Department of Commerce: Coast ds Geodetic Survey'. Wash- 
ington (D.O.). 

. Geological Survey. Washington 

. * National Academy of Sciences & National Research Council. Washing- 
ton (D.O.). 

. National Museum. Washington (D.O.). 

Victoria (Australia^,' Geological Survey. IVIelbourne. 

Vienna. — Akademie der Wissenschafteii. 

. Naturhistorisches Hofmuseum. 

Washington Universit.y. St. Louis (Mo.). 

Washington (D.C.). — Carnegie Institxition. 

. Geophysical Laboratory. 

. Smithsonian Institution. 

West Indies. — Imperial Agricultural Department. Bridgetown (Bai'bados).. 
Western Australia. — Department of Mines. l\'rtb. 

, Geological Survey. Perth. 


II, Societies and Editobs. 

Adelaide, — Royal Society of South Australia. 

Agram,^Societas Historico-Naturalis Croatica. 

Basel. — ^Naturforschende Gesellschaft. 

Belfast. — ^Natural History Society, 

Bergen. — * Natui’en,* 

Bei-lin. — Deutsche Geologische Gesellschaft. 

. Gesellschaft Naturforschender Freunde. 

. Zeitschrift fur Berg-, Hutten-, und Salinenwesen . 

Berne . — ^N atnr fors cheu de Ges ellschafl. 

Bombay Bi-anch of the Roy^al Asiatic Society. 

Bonn. — Naturhistorischer Verein der Preussischen Rheinlande. 
Bordeaux. — Soci^td Linn^enne, 

Boston (Mass.). — ^American Academy of Arts & Sciences. 
Bristol Naturalists* Society, 

Brussels. — Soci<5t^ Beige de G4ologie. 

— . Soci^t^ Royale Zoologique & Malacologxque de Belgique. 
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Buenos Aires. — Sociedad Cientifica Argentina. 

Caen. — Soci^te Linn^emie de Kormandie. 

Calcutta. — Asiatic Society of Bengal. 

. Institute of Engineers (India). 

Cambridge Philosophical Society. 

Cape Town. — Iloj'al Societ^*^ of South Africa. 

. South African Association for the Advancement of Science. 

Cardiff. — South Wales Institute of Engineers. 

Chicago. — ‘Journal of Geolog 5 \’ 

Christiania. — Nyt Magaziii for Naturvidenshaberae. 

Copenhagen. — Dansk Geologisk Forening. 

Denver. — Colorado Scientific Society. 

Dijon. — ^Academie des Sciences. 

Dorchester. — Dorset Natural History & Antiquarian Field-Club. 
Dorpat. — ^Naturforscbeiide Gesellscbaft. 

Dresden. — Naturuussenscliaftliche Gesellscbaft ‘ Isis.’ 

Dublin. — Royal Dublin Society. 

Edinburgh. — Royal Scottish Geographical Society. 

. Royal Sociefcj’. 

Frankfurt am Main. — Senckenbergische Naturforscheiide Gesellscbaft. 
Geneva. — Sooidtd de Physique & d’Histoire Natiirelle. 

Giessen. — Oberhessische Gesellscbaft fiir Natiu*- und Heilkunde. 
Gloucester. — Cotteswold Naturalists* Field-Club. 

Hague. — Soci4te Hollandaise des Sciences. 

Halifax (Nova Scotia). — Nova Scotian Institute of Science. 

Halle a. d. Saale. — Zeitscbrift fur Praktiscbe Geologic. 

Hanau. — Wetterauiscbe Gesellscbaft fiir Naturkunde. 

Hermannstadt. — Siebcnbuygischer Verein fiir Naturwissenschafteii. 
Hobart. — Royal Societ j’ of Tasmania. 

Hull Geological Society. 

Jena. — Geologiscbe & Palaontologiscbe Abliandlungeu. 

Johannesburg. — Geological Society of South Africa. 

Lancaster (Pa.). — Economic Geology.* 

Lausanne. — Soci4td Vaudoise des Sciences Naturelles, 

Leeds Geological Association. 

Leicester Literarj'- & Philosophical Society. 

Leipzig. — Zeitscbrift fiir Krystallo^*aphie. 

Li6ge. — Soci6t6 G4ologique de Belgique. 

. Soci4t6 Roy ale des Sciences de Lidge. 

Lima. — Asociacidii Peruana para el Progreso de la Cier 
Liverpool Geological Society', 

Literary & Philosophical Society. 

London. — British Association for the Advancement of Sci€>nce. 

. Chemical Society. 

. ‘The Chemical News.* 

. ‘The Colliery Guardian.* 

. * The Geological Magazine.* 

. Geologists’ Association. 

. Institution of Civil Engineers. 

. Institution of Mining Engineers. 

. Institution of Mining & Metallurgy. 

. Institution of Water Engineers. 

. Ii’on & Steel Institute. 

. Linnean Society. 

. ‘The London, Edinburgh, & Publin Philosophical Magazine. 

. Mineralogical Society. 

. Mining Journal. 

. ‘ The Mining Magazine.’ 

. ‘ The Nation <& the Athenaeum.* 

. * Nature.* 

. * The Naturalist,* 

. ‘ Oil-Engineering «& Finance.* 

. Palaaontogi-aphical Society. 

, ‘ The Quarry.* 

■ . Royal Agricultural Society. 

. Royal Geoj^aphical Society. 

— . Royal Institution, 
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London. — Royal Meteorological vSociety.] 

— , Royal Microscopical Societ3^ 

. Royal Pliotograpliic Societj'. 

, Royal Society. 

, Royal Society of Arts. 

. Society of Engineers. 

. Victoi'ia Institnte, 

. ‘Water.’* 

. Zoological Society. 

Manchester. — Litemry & Philosophical Society. 

Melhonrne (Victoria). — ^Australasian Institute of Mining & Metallurgy-.. 

. Royal Society of Victoria. 

. * The Victorian Naturalist.* 

Mexico. — Sociedad Cientifica ‘ Antonio Alzate.* 

Milan. — Societd, Italiana di Scienze Naturali. 

Naples. — Accademia delle Scienze Fisiche e Matematiche. 

Newcastle-upon-Tyne. — University of Durham IMiilosophical Society. 

New Haven (Conn.). — Academy of Arts & Sciences. 

. ‘ The American Journal of Science.* 

New York. — American Institute of Mining & Metallurgical Engineers.. 
Northampton. — Northamptonshire Natural History Society. 

Ottawa. — Royal Society of Canada. 

Paris. — Annales des Mines. 

. Socidtd G^ologique de Prance. 

Perth, — Perthshire Society of Natural Sciences. 

Philadelphia. — ^Academy of Natural Sciences. 

. American Philosophical Society. 

Pisa. — Societal, Toscana di Scienze Naturali. 

Plymouth. — Devonshire Association for the Advancement of Science. 

Rennes. — Soci^t^ Qdologigue & Mindralogique de Bretagne. 

Rochester Academy of Sciences. 

Rome. — Society Geologica Italiana. 

Rugby School Natural History Society. 

Santiago de Ohile.—Sociedad Nacional de Mineria. 

Stockholm. — Geolqgiska Porening. 

Stratford, — ^Essex Field-Club. 

Stuttgart. — Oentralhlatt fur Mineralogie, &c. 

. Verein fiir Naturkunde Wiirttembergs. 

Sydney (N.S.W.).- — Linnean Society of New South Wales. 

Toronto. — Roybal Canadian Institute, 

Toulouse. — Soci^td d’Histoire Naturelle. 

Upsala. — Geological Institution of the University. 

Vienna. — Geologische Gesellschaft. 

. Berg- und Hiittenmannisches Jahrbuch. 

^ Zoologisch-Botanische Gesellschaft. 

Washington (D.C.). — Geological Society of America. 

Wellin^on. — ^New Zealand Institute. 

Whitby Literary and Philosophical Society. 

Wiesbaden. — ^Nassauischer Verein fiir Naturkunde. 

Worcester. — ^Naturalists’ Club. 

York. — ^Yorkshire Philosophical Society. 
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III. Peesonal Doitoes. 


Abbott, W. J. L. 
Adams, H. 

Assmaiin, P. 

Bascbiu, O. 

Bonney, T. G. 

Boswell, P. G. H. 
Bosworth, T. O. 

Boule, M. 

Buckman, S. S. 

Burkitt, M. C. 

Budinff, L. D. 

Caiman, W. T. 
Chandler, Miss M. E. J. 
Chapman, P. 

Chatley, H. 

Cole, G. A. J. 

CortAzar, D. de. 
Cr^qui-Montfort, G. de. 
Crompton, H. 

Balloni, M. 

I)al Piaz, G. 

Davis, \V. M. 

Davison, C, 

Davisor, E. H. 

Depape, G. 

Dixey, F. 

DonvilU, H. 

Du Toit, A. L. 

Elies, Miss G, L. 

Fox, C. S. 

Galloway, W. 

Goldman, M. 1. 
Goldschmidt, V, M. 
Gomez, J. R. 

Grabhain, G. W. 
Gregory, J. W. 


Harger, H. S. 
Hatch, F. H. 
Haughton, S. H. 
Heim, Albert. 
Hooley, R. W. 
Howchin, W. 

Jillson, W. R. 

Kay, H. 

Kayser, E. 

I Kendall, P. F. 

! Kio2V, J. 

I Lacroix, A. 

I Lamplugh, G. W. 
I Leneewicz, S. 
Linstow, O. V. 
Liversidge, A. 

i Man son, M: 
Mavgerie, E. de. 
iVIarsters, E. V. 
Matley, 0. A. 
Matousek, O. 
Maufe, H. B. 
Milner, H. B. 
Moil-, J. R. 
Murakami, H. 

Nopcsa, Baron F. 

Oldham, B. D. 
Osborn, H. F. 

I 

I Parker, W. R. 

Pai’kinson, J. 

I Penck, A. 

I Penzer, N. M. 
i Plynien, G. H. 


Richardson, W. A. 

I Roccati, A, 
j Rogers, 1. 
j Rotmau, D. 

I Seidlitz, W. von. 
i Seward, A. C. 
Sheppard, T. 

Smith, W. Campbell. 
Spath, L. F. 

Speight, R. 

Stanley’, E. R. 
Stansfield, J. 

Siissmilch, C. A. 

Taber, S. 

Teilhard de Chardin, P. 
Termier, P. 

Thomas, Herbert H. 
Thompson, B. 

Torcelli, A. J. 

Van Bareu, J. 
Vaughan, T. W. 

Wallis, F. S. 

Walt her, J. 
Washington, H. S. 
Webei', M. 

Wentworth, C. K. 
Werth, E. 

Whitaker, W. 

Withers, T. H. 

Woods, H. 

Woolacott, D, 

Yakovlev, K. 

Zabel, Mrs. 
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COMPABATITE STATEMENT OF THE NUMBEB OF THE SOCIETY AT 

THE Close of the Yeabs 1921 and 1922. 


('Jnmj^ounders 

Dec. 31st, 1921. 
198 

Deo. 31st, 1922. 
195 

Contributing Fellows 

1036 

1075 

Non- Contributing Fellows . . 

9 

9 

Foreign Members 

1243 

37 

1279 

34 

Foreign Corresj)ondents 

28 

26 


1308 

1339 


Comparative Stateme^it, explanatory of the Altey^ations in the 
2^%(,mber of ^'ellows, JB'oreign JSLemhers^ and "Foreign Correspon- 
dents at the close of the Fears 1921 and 1922. 

Number of Compounders, Contributing, and Non- 1 ^ 

Contributing Fellows, December 31st, 1921 ... j 
Add Fellows elected during the former year and \ , p. 


paid in 1922 j 

Add Fellows elected and paid in 1922 67 


1320 

Deduct Compounders deceased 9 

Contributing Fellows deceased 15 

Contributing Fellows resigned 14 

Fellows removed in accordance with Sect. VI, 

Ai*t. 5, of the Bye-Laws 3 

— 41 


Number of Foreign Members and Foreign Cor- 
respondents, December 31st, 1921 

Deduct 3 Foreign Members deceased and 2 
Foreign Correspondents deceased 



1279 


GO 

— 60 


1339 


Deceaseb Fellows. 
Compounders (9). 


Beale, Sir William P. [elected 
in 1865]. 

Branner, J. C. [el. 1898]. 
Dickinson, T. L. [el. 1873], 
Eaton, E. M. [el. 1894]. 


Fox, H. [el. 1887]. 

Hitch cock, llev.G. S. [el. 1920]. 
Boss, C. A. [el. 1869]. 

Spencer, J..W. W. [el. 1877]. 
Sticht, 0. B. [el. 1909]. 
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IXT 


Contributing Fellows (15). 


Andrews, Rev. W. R. felected 
in 1883]. 

Bootli, W. H. [el. 1909]. 
Boulger, Gt. S. [el. 1875]. 
Carruthers, W. [el. 1867]. 
Gibbons, A. J. F. [el. 1917]. 
Gordon, Rev. J. M. [el. 1888]. 
Herbert, H. P. [el. 1919]. 


Herdman, W. [el. 18SS]. 
Hilton, T. W. [el. 1873]. 

Jack, R. Logan [el. 1870]. 
Mansdeld, F. T, [el. 1920“]. 
Preumont, G. F. J. [el. 1913]. 
Robei’tson, T. E). [el. 1905]. 
Swinnev, L. A. E. [el. 19081. 
Westlake, E. [el. 1879]. 


Fellows Resionel (11). 


Ashmore, G. P. 

Fox, W. S. 

•Green, J. S. 

Greenwell, A. 

Gregson, W. 

•Jarvis, J. W. 

Jordan, H. K, [since re- 
instated] . 


Perkins, H. I. 

Platt, S. S. 

Ross, P. 

Sherborn, C. D. 

Taylor, E. O. 

Tyndale, W. C. 

Woodrufe-Peacoek, Rev. E. A. 


Fellows Removed (3). 


Dickson, Ernest. i Samuel, W. W. 

Maitland, A. G. | 

Fellows Elected (84). 


Abraham, W. E. V. 
Adams, M. T. 
Bagshawe, T, W. 
Barber, C. T. 
Batchelor, E. 

Blake, G. S. 

Bleeck, R. 

Blizard, J. H. 

Bond, A. 

Bourchier, J. R. 
Bradshaw, H. E. 
Brown, E. E. S. 
Bull, E. M. 
BurcheU, J. P. T. 
Button, G. T. 
•Clayton, C. H. J. 
Clift, S. G. 

Co-tton, L. A. 
Coulson, A. L. 
Cousins, W. J. 

Cox, L. R. 
•CJronshaw, H. B. 
Davies, E. L. 


Day, H. 

Dodd, F. H. 

Double, I. S. 

; Doyle, R. G. 
i Edwards, W. N. 

! Engleheart, F. H. A. 
j Garnett, 0. S. 

Gell, H. M. 

1 Gibby, D. 
i Goodyear, Miss E. 

I Gossling, F. 

■' HaU, S. 
i Hallissy, T, 

I Haworth, H. C- 
! Henderson, J. McO. 

: Hollingworth, S. E. 

I Hughes, G. A. 

, Hunter, G. S, 
Johnston, G. 
Johnstone, J. 

Kane, J. 

Knaggs, Miss I. E. 
Lovatt, A. 
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FEEiiOws Elected (eont.). 


Lowe, Miss I. H. ‘ 
McDonald, Miss A. I. 
Macmillan, W. E. E. 
Mainprize, S. L. 
Mitchell, G-. 

Mitchell, J. 

Oveiy, Bev. C. 

Ower, L. H. 

Parker, Hon. H. L. 
Parker, W. B. 
Perkins, C. H. 
Phillips, C. A. 
Pilcher, C. F. 

Platt, J. I. 

Plowman, Gr. H. 
Pollock, C. M. 

Poxon, W. 

Bobling, G. 

Buss, W. 


Sandford, K. S. 
Sands, H. H. 

Scott, G. N. 

Steers, J. A. 
StonehoTise, T. H. 
Stopes, M. 0. C. 
Sweeting, G. S. 

I Templeton, J. O. 

I Tilley, C. E. 

I Torrance, W. 
Tyrrell, E. B. 
Vkchell, E. T. 
Walker, W. S. 
Walton, J. W. 
Watson, D. M. S. 
Winter, W. P. 
Wood, Miss H. M, 
Wooldridge, S. W. 
Wrathall, L. L. 


FoHEiai<r Membbbs Deceased (3). 


Capellini, S. 0. G. [elected in 
1884]. 


^sel, A. [el. 1907]. 


Beusch, H. [el. 1897]. 


FoEBIGlSr COBBESPOKDENTS DECEASED (2). 

Liebisch, T. [elected in 1899], | Weinschenk, E. H. [el. 1912]. 


After the Beports had been read, it was resolved : — 

That they be received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think fit be printed 
and circulated among the Fellows. 

It was afterwards resolved : — 

That the thanks of the Society be given to Prof. E. J. 
Garwood and Di\ G, T. Prior, retiring from the office of Yice~ 
President (and also from the Council) ; and to Dr. F. A. Bather, 
Mr. T. C. Can trill, and Mr. J. F. N. Green, retiring from the* 
Council. 


After the Balloting- Glasses had been closed, and the Listst 
examined by the Scrutineers, the f ollowing gentlemen were declared 
to l^ve been duly elected as the Officers and Council for the* 
ensuing year : — 
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OFFICEBS AND COUNCIL.— 1923. 


PBESWmT, 

Prof. Albert Charles Seward, Sc.D., F.Pt.S., F.L.S. 


VICE-PRESIDENTS. 

John William Evans, C.B.E., D.Sc., LL.B., F.B.S. 

Bichard Dixon Oldham, F.B.S. 

Herbert Henry Thomas, M.A., Sc.D. 

Prof. William Whitehead Watts, LL.D., Sc.D., M.Se., F.B.S. 
SECRETARIES. 

Walter Campbell Smith, M.C., M.A. 

James Archibald Douglas, M.A., B.Sc. 

FOREIGN SECRETARY. 

Sir Archibald Geikie, O.M., K.C.B., D.C.L., LL.D., Sc.D.., 
F.B.S. 


TREASURER. 

Bobert Stansfield Herries, M.A. 


QOTJNGIL. 

Charles William Andrews, B.A., Prof. Owen Thomas Jones, M.A., 
D.Sc., F.R.S. I D.Sc. 

Frederick Noel Ashcroft, M.A. William Bernard Bobinson King, 
Prof. Percy George Hamnall Bos- O.B.E., M.A. 

well, O.B.E., D.Sc. William Dixon Lang, M.A., Sc.D. 

Prof. WiUiam S. Boulton, D.Sc. Bichard Dixon Oldham, F.B.S. 
James Ai’cMbald Douglas, M.A., Prof. Sidney Hugh Reynolds, M.A., 
B.Sc. Sc.D. 

Gertrude Lilian Elies, M.B.E.,D.Sc. Prof, Albert Charles Seward, Sc.D., 
John William Evans, C.B.E., D.Sc., F.B.S., F.L.S. 

LL.B., F.B.S. Walter Campbell Smith, M.C,, M.A. 

John Smith Flett, O.B,E., M.A., Sir Aubrey Strahan, K.B.E., Sc.D.^ 
LL.D., D.Sc., M.B., F.B.S. LL.D., F.B.S. 

Sir Archibald Geikie, O.M., K.C.B., Sir Jethro J. Harris Teall, M.A,,. 

D.C.L., LL.D., Sc.D., F.B.S. D.Sc., LL.B., F.B.S. 

Frederick Henry Hatch, O.B.E., Herbert Hemy Thomas, M.A., Sc.D^ 
Ph.D. Prof. William Whitehead Watts,. 

Bobert Stansfield Herries, M.A. LL.D., Sc.D., M.Sc., F.B.S. 

Henry Woods, M.A., F.B.S. 
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LIST OF 


THE FOREIGN MEMBERS 


OF THE OEOLOGIOAL SOCIETY OF LONDON, in 1922. 


Date of 
Blection. 

1884. Senatore Prof. Giovanni Capellini, Bologna, (Deceased.) 

1880. Prof. Gustav Tschermak, Vienna, 

1891. Prof. Charles Barrels, Lille, 

1893. Prof. Waldemar Ohristofer Brogger, Christiania, 

1894. Prof. Edward Salisbury Dana, New Haven^ Conn, (TI.S.A.). 

1896. Prof. Albert Heim, Zurich, 

1897. Dr. Hans Beusch, Christiania, (Deceased.) 

1898. Dr. Charles Doolittle Walcott, Washington, D.C. (U.S.A.). 

1899. Prof. Emanuel Kayser, Munich, 

1899. M. Ernest Van den Broeck, Brussels. 

1900. M. Gustave F. Dollfus, Baris, 

1900. Prof, Paul von Groth, Munich, 

1901. Dr. Alexander Petrovich Karpinsky, Betrograd. 

1901. Prof. Antoine Francois Alfred Lacroix, Baris. 

1908. Prof. Albrecht Penck, Berlin, 

1903. Prof. Anton Koch, Budapest, 

1904. Prof. Henry Fairfield Osborn, Nezo Yorh (XT.S.A,), 

1905. Prof. Louis Dollo, Brussels. 

1907. Dr. Emil Ernst August Tietze, Viema, 

1907. Oommendatore Prof. Arturo Issel, Genoa. (Deceased.) 

1908. Prof. Bundjird K6t6, Tokyo. 

1909. Prof. Joban H. L, Vogt, Trondhjezn. 

1911. Prof. Baron Gerard Jakob De Geer, Stockholm, 

1911. M. Emmanuel de Margerie, Strasbourg. 

1912. Prof. Marcellin Boule, Baris. 

1913. Prof. Johannes Walther, JTalle an der Saale. 

1914. Prof. Friedrich Johann Becke, Vienna. 

1914. Prof, Thomas Ohrowder Ohamherlin, Chicago, 111. ( U.S.A.), 
1914. Prof. Franz Julius Lcewinson-Lessing, Betrograd, 

1914. Prof. Alexis Petrovich Pavlow, Moscozo. 

1914. Prof. William Berryman Scott, Brinceton, N.J, ( U.S.A.), 
1921. Dr. Frank Wiggles worth Clarke, Washington, D.C, (U,S. A.). 
1921. Prof, ilmile Haug, Baris, 

1921. Prof. Maurice Lugeon, Lmsanne, 

1921. Prof. Hans Schardt, Zurich, 

1921. Dr. Jakob Johannes Sederholm, Delsingfoi's, 

1921. Dr. Henry Stephens Washington, Washington, D.C, (U.S.A.). 
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LIST OF 


THE FOREIGN CORRESPONDENTS 

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1922. 

Date of 
Election. 

1889. Dr. Rogier Diederik Marins Verbeek, Hague. 

1898. Dr. W. H. Dali, Waihington^ H.C. {U.S.A.). 

1899. Dr. Gerhard Holm, Stockholm. 

1900. Prof. Federico Sacco, Turin. 

1902. Dr. Thorvaldr Tlioroddsen, Copenhagen. 

1904. Dr. Erich Dagobert yon Drj^galski, CharJottenburg. 

1904. Prof. Giuseppe de Lorenzo, Kaj^les. 

1904. The Hon. Frank Springer, Hast Las Vegas, Keto Mexico (ZJ^S.A.). 
1906. Prof. John M. Clarke, Albany, H.Y. {U.S.A.). 

1906. Prof. William Morris Davis, Cambridge, Mass. {U.8.A.'), 

1909. Dr. Daniel de Cortazar, Madrid. 

1911. Prof. Arvid Gustaf Hogbom, TIpsala. 

1911. Prof. Charles Deptot, Lyons. 

1912. Dr. Whitman Cross, Washington, JD.C, {U.S.A.). 

1912. Baron Francis Nopcsa, Vienna. 

1912. Prof. Karl Diener, Vienna. 

1912. Prof. Fusakichi Omori, Tokyo. 

1913. Dr. Per Johan Holmquist, Stockholm. 

1921. Prof. Lucien Cayeux, Paris. 

1921. Dr. Maurice Cossmann, Pams. 

1921. Prof. Henry de Dorlodot, Louvain. 

1921. Prof. Henri Douvilld, Paris. 

1921. Prof. Louis Duparc, Geneva. 

1921. Prof. Johan Kiser, Christiania. 

1921. Prof. Waldemar Lindgren, Boston, Mass. ( JJ.S.A.). 

1921. Prof. John J. Stevenson, Neio Yoi'k City (XT,S.A.). 
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[Note. — The Lists of Awards of Medals and Funds, up to the year lOO"? 
inclusive, are published in the ‘ History of the Geological Society.’] 


AWARDS OF THE WOLLASTON MEDAL 

UNDER THE CONDITIONS OP THE ^DONATION PUNd/ 


ESTABLISHED BY 


WILLIAM HYDE WOLLASTON, M.D., F.R.S., F.G.S., etc. 


To promote reseai’ches concerning the mineral structure of the Earth, and to 
enable the Council of the Geological Society to reward those individuals of any 
country by whom such researches may hereafter he made,* — * such individual not 
being a Member of the Council.’ 


1908. Prof. Paul von Grotb. 

•1909. Mr. Horace B. Woodward. 

1910. Prof. William B. Scott. 

1911. Prof. Waldemar C.Brogger. 

1912. Sir Lazarus Fletcher, 

1918. The Rev. Osmond Fisher. 

1914. Prof John Edward Marr. 

1915. Sir T. W. Edgeworth David. 

1916. Dr. A. P. Karpinsky. 


1917. Prof A. F. A. Lacroix. 

1918. Dr. Charles D. Walcott. 

1919. Sir Aubrey Strahan. 

1920. Prof G. J. De Geer. 

I Dr. John Horne. 

1922. Dr. Alfred Harker. 

1923. Mr. William Whitaker. 


AWARDS 

OF THE 

BALANCE OF THE PROCEEDS OF THE WOLLASTON 
^ DONATION FUND.’ 


!51908. Dr. Herbert Henry Thomas. 

1909. Mr. Arthur J. 0. Molyneux. 

1910. Mr. Edward B, Bailey. 

1911. Prof. Owen Thomas Jones. 

1912. Mr. Charles Irving Gardiner. 

1913. Mr. William Wickham King. 

1914. Mr. R. Biillen Newton. 
-1916. Mr, Charles Bertie Wedd. 


1916. Mr.WilliamBourke Wright. 

1917. Prof. Percy G. H Boswell. 

1918. Mr. Albert Ernest Kitson. 

1919. Dr. A. L. Du Toit. 

1920. Mr. William B. R. King. 

1921. Dr. Thomas 0. Bosworth. 

1922. Dr. Leonard J. Wills. 

1923. Mr. Harold Herbert Read. 
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AWARDS OF THE MURCHISON MEDAL 


UNDER THE CONDITIONS OP THE 

'MURCHISON GEOLOGICAL FUND/ 


ESTABLISHED UNDER THE WILL OP THE LATE 


SIR RODERICK IMPEY MURCHISON, Bakt., RKS., F.G.S. 

* To be applied in every consecutive j'ear, in such manner as the Council of the 
Society may deem most useful in advancing Geological Science, whether bj 
granting sums of money to travellers in pursuit of knowledge, to authors of 
memoirs, or to persons actually employed in an3'- enquiries bearing upon the 
science of Geologj”, or in rewarding an^' such travellers, authors, or other persons, 
and the Medal to be given to some person to whom such Council shall grant 
any sum of mone^’^ or recompense in respect of Geological Science.’ 


1908. Prof. Albert Charles Seward. 

1909. Prof. Grenville A. J. Cole. 

1910. Prof. Arthur P. Coleman’. 

1911. Mr, Richard Hill Tiddeman. 

1912. Prof. Louis Dollo. 

1913. Mr. George Barrow. 

1914. Mr. William A. E. Ussher. 

1915. Prof. William W. Watts. 


1916. Dr. Robert Ividston. 

1917. Dr. George P. Matthew. 

1918. Mr. Joseph Burr Tyrrell. 

1919. Miss Gertrude L. Elies. 

1920. Dame E. M. R. Shakespear. 

1921. Mr. Edgar Sterling Cohhold. 

1922. Dr. John William Evans. 

1923. Prof. John Joly. 


AWARDS 


OF THE 

BALANCE OF THE PROCEEDS OF TEE 
'MURCHISON GEOLOGICAL FUND.^ 


1908. Miss Ethel Gertrude Skeat. 

1909. Dr. James Vincent Elsden. 

1910. Mr. John Walker Stather. 

1911. Mr. Edgar Sterling Cohhold. 

1912. Dr. Arthur Morley Davies. 

1913. Mr. Ernest E. L. Dixon. 

1914. Mr.FrederickNairnHaward. 

1916. Mr. David Oledlyn Evans. 


1916. Mr, George Walter Tyrrell. , 

1917. Dr. William Mackie. 

1918. Mr. Thomas Crook. 

1919. Mrs. Eleanor Mary Reid. 

1920. Dr. David Woolacott. 

1921. Dr. Albert Gilligan. 

1922. Dr, Herbert Bolton. 

1923. Mr. T. H. Withers. 
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AWARDS OF THE LYELL MEDAL 


TIN DEE THE CONDITIONS OP THE 

‘ LYELL GEOLOGICAL FUND, 


ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE 


SIE OHAHLES LYELL, Bart., F.E.S., F.G.S. 


The Medal * to be cast in bronze and to be given annually ' (or from time to time)' 
‘as a mark of honorary distinction and as an expression on the part of the 
governing body of the Society that the Medallist (who may be of any country 
or either sex) has deserved ’sv’ell of the Science,’ — ‘ not less than one third of the 
annual interest [of the fund] to accompany the Medal, the remaining interest 
to be given in one or more portions, at the discretion of the Council, for the 
encouragement of Geology or of any of the allied sciences by which they shall 
consider Geology to have been most materially advanced, either for travelling 
expenses or for a memoir or paper published, or in progress, and without 
reference to the sex or nationality of the author, or the language in which any 
such memoir or paper may be written.’ 

There is a further provision for suspending the award for one year, and in* 
such case for the awarding of a Medal to ‘ each of two persons who have been 
jointly engaged in the same exploration in the same country, or perhaps on 
allied subjects in different countries, the proportion of interest always not being- 
less to each Medal than one third of the annual interest.’ 


1908. Mr, Richard Dixon Oldham. 

1909. Prof. Percy Fry Kendall. 

1910. Dr. Arthur Vaughan. 

j Dr. Francis Arthur Bather. 
I Dr. Arthur Walton Rowe. 
1912. Mr. Philip Lake. 

1918. Mr. Sydney S. Buckman. 

1914. Mr. Charles S. Middlemiss. 

1915. Prof. Edmund J. Garwood, 


1910. Dr. Chaides W, Andrews. 

1917. Dr. Wheelton Hind. 

1918. Mr. Henry Woods. 

1919. Dr. William Fraser Hume* 

1920. Dr. Edward Greenly. 

1921. M. E. de Margerie. 

1922. Dr. Charles Davison. 

1923. M. Gustave F. Dollfus, 
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AWABBS 

OP THE 

BALANCE OF THE PBOCEEDS OF THE 
'LYELL GEOLOGICAL FUND/ 


1908. Prof, T. Franldiu Sibly. 

1908. Mr. H. J. Osborne White. 

1909. Mr. H. Brantwood Maufe. 

1909. Mr. Robert G. Carnithers. 

1910. Dr. F. R. Oowper Reed. 

1910. Dr. Robert Broom. 

1911. Prof. Charles Gilbert Cullis. 

1912. Dr. Arthur R. Dwerryhouse. 

1912. Mr. Robert Heron Rastall. ' 

191 3. Mr, Llewellyn Treacher. 

1914. The Rev. Walter Ho wchin. 

1914. Mr. John Postlethwaite. 

1915. Mr. John Parkinson. 

1916. Dr. Lewis Moysey. 

1916. Mr. Martin A. C. Hinton. 
1916. Mr. Alfred S. Kennard. 


1917. Prof. A. Hubert Cox. 

1917. Mr. Tressilian 0. Nicholas- 

1918. Mr. Vincent Charles Illing- 

1918. Mr. William Kingdon 

Spencer. 

1919. Mr. John Pringle. 

1919. Dr. Stanley Smith. 

1920. Dr. John D. Falconer. 

1920. Mr. Ernest S. Pinfold. 

1921. Dr. Herbert L. Hawkins. 

1921. Mr. 0. E. N. Bromehead- 

1922. Mr. Arthur Maeeonochie. 

1922. Mr. David Tait. 

1923. Prof. W. N. Benson. 

1923. Prof. W. T. Gordon. 


Toil. liXXIX, 


e 
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AWARDS OF THE BIGSBY MEDAL, 


FOUNDED BY THE LATE 

Dr. J. J. BIGSBY, F.R.S., F.G.S. 


To be awarded biennially ‘ as an acknowledgment of eminent services in any depart- 
ment of Geology, iiTespective of the receiver’s countiy ; but he must not be 
older than 45 years at his last birthday, thus probabli*^ not too old for further 
work, and not too young to have done much.* 


1909. Dr. John Smith Flett. 

1911. Prof. Othenio Abel. 

1913. Sir Thomas H. Holland. 

1916. Sir Henry Hubert Hayden. 


1917. ]Mr. Robert G. Carruthers. 
1919. Sir Douglas Mawson. 
1921. Dr. Lewis L. Fermor. 
1923. Mr. E. B. Bailey. 


AWARDS OF THE PRESTWICK MEDAL, 

ESTABLISHEJO UNDER THE WILL OF THE LATE 

SIR JOSEPH PRESTWIOH, F.E.S., F.G.S. 

*Xo apply the accumulated annual proceeds ... at the end of every three years, in 
providing a Gold Medal of the value of Twenty Pounds, which, with the 
remainder of the proceeds, is to be awarded ... to the person or persons, either 
male or female, and either resident in England or abroad, who shall have done well 
for the advancement of the science of Geology i or, from time to time to accumulate 
the annual proceeds for a period not exceeding six years, and apply the said 
accumulated annual proceeds to some object of special research bearing on 
Stratigraphical or Physical Geology, to be carried out by one single individual or 
by a Committee; or, failing these objects, to accumulate the annual proceeds for 
either three or six years, and devote such proceeds to such special purposes as 
may be decided.* 

1909. Lady (John) Evans. 

1912. Library extension, 

1916. Prof, jfimile Oartailhac, 

1918. Sir William Boyd Dawkins. 

1921, List of Geological Literature. 
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AWARDS OF THE PROCEEDS OP THE BARLOW- 
JAMESON FUND, 

ESTABLISHEB UNDER THE WILL OF THE LATE 

Dr. H. O. barlow, F,a.S. 

“* The perpetual interest to be applied every two or three j’ears, as may be approved by 
the Council, to or for the advancement of Geological Science/ 

i908. ‘ Grey-Wether ’ sarsens on 1916. 3Ir. .Tosepli G. Hamling. 

Marlborough Downs. 1917. Mr. Henry Dewey. 

1911. Mr. John Frederick Norman 1921. List of Geological Litera- 
Green. tore. 

1918 ^®rnard Smith. 

} Mr. J ohn Brooke Scrivenor . 


AWARDS OF THE PROCEEDS OF THE 
^ DANIEL-PIDGEON FUND/ 

FOUNDED BY MRS. PIDGEON^ IN ACCORDANCE WITH TFE 
WILL OF THE LATE 

DANIEL PIDGEON, F.G.S. 

An annual grant derivable from the interest on the Fund, to be used at the 
discretion of the Council, in whatever way may in their opinion best promote 
Geological Original Research, their Grantees being in all cases not more than 
twenty-eight years of ago.’ 

1908. Mr. James A. Douglas. 

1909. Dr. Alexander M. Finlayson. 

1910. Mr. Robert Boyle. 

1911. Mr. Tressilian O. Nicholas, 

1912. Mr. Otway H, Little. 

1913. Mr. Roderick U. Sayce. 

1914. Prof. Percy G. H. Boswell. 

1916. Mr. E. Talbot Paris. 

1916. Dr. John K. Oharlesworth. 

^ 2 


1917. Dr. Arthur Holmes. 

1918. Mr. James A. Butterfield. 
1920. Miss M. E. J. Chandler. 

1920. Dr. L. Dudley Stamp. 

1921. Mr. Ralph W. Segnit. 

1921. Mr. Frederick S. Wallis. 

1922. Mr. H. Price Lewis. 

1923. Mr. Howel Williams^ 
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JEIstimates for 

INCOME EXPEOTBI). 

£ s. d, £ ‘ s. dt. 

Compositions 157 10 0 

Admission-Fees, 1923 453 12 0 

611 2 a 

Arrears of Annual Contriluitions 150 0 0 

Annual Contributions, 1923 2240 0 0 

Annual Contributions in advance 80 0 0 

2470 0 Oi 

Quarterly Journal Subscriptions 240 0 0 

List of Geol. Lit. Subscriptions 26 0 0 

265 0 0 

Sale of the Quarterly Joxirnal, including Long- 
mans’ Account 300 0 Q. 

Sale of other Fublications 15 0 0 

Miscellaneous Receipts 40 0 0 

Interest on Deposit- Account 7 10 

Dividends on £2600 India 3 per cent. Stock . , 76 0 0 

Dividends on £300 London, Brighton, <& South 
Coast Railway 6 per cent. Consolidated Pre- 
ference Stock 15 0 0 

Dividends on £2250 London & North-Western 
Railway 4 per cent. Preference Stock 90 0 0 

Dividends on £2800 London & South-Western 
Railway 4 per cent. Consolidated Preference 
Stock 112 0 0 

Dividends on £2072 Midland Railway 2J per 

cent. Perpetual Preference Stock 61 16 0 

Dividends on £267 6«,7<f. Natal 3 per cent. Stock. 8 0 4 

351 16 4 

£4060 8 4 

Balance in hand, January 1st, 1923 107 13 ^ 

Income of Sorby and Hudleston Bequests .... 70 0 0* 

Deficit 238 5 


£4536 6 7 
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PrS-ANCIiJC. BEPOBT. 


XXX vii 


BXPENDITUBE ESTEVIATED. 


oS s. d, £ s. d. 

Repairs and Maintenance Fund ’250 0 0 

House-Expenditure : 

Taxes and Insurance 25 0 0 

Electric Lighting 50 0 0 

Gas 30 0 0 

Enel 50 0 0 

Annual Cleaning 20 0 0 

Washing and Sundry Expenses 70 0 0 

Tea at Meetings 25 0 0 

270 0 0 

Salaries and Wages, etc 1450 0 0 

Of&ce-Expenditure : 

Stationery 50 0 0 

Miscellaneous Printing 110 0 0 

Postages and Sundry Expenses 100 0 0 

260 0 0 

Grant to Conjoint Board of Scientific Societies o 0 0 


Library (Books and Binding) 150 0 0 

(Catalogue Cards) 5 0 0 

155 0 0 

Publications : 

Quarterly Journal (Tol. Ixxix) 1000 0 0 

Postage on Journal, Addressing, etc 40 0 0 

Abstracts of Proceedings, inoluding Postage . 240 0 0 

List of Geological Literature for 1322 160 0 0 

1440 0 0 


£3830 0 0 


List of Geolo^cal Literature for 1914 ; 1 

Balance of Printing Account. f 

List of Geological Literature for 1916-19 : ( 
Printing Account (estimated). i 


£156 6 7 
£550 0 0 


£4636 6 7 


ROBERT S. HBRRIES, Treamrer. 



January ±st 3, lyzz : 

Current Account 71 3 9 

Balance in the hands o£ the Clerk at 
January 1st, 1922 3 2 5 




— 

— 

74 

6 

2' 

„ Compositions 



... 

210 

0 

a 

„ Admission-Fees: 







Arrears 

69 

6 

0 




Current 

.... 415 

16 

0 







— 

485 

2 

0 

„ Arrears of Annual Contributions ... 



. . . 

152 

5 

0 

„ Annual Contidbutions for 1922 

...2173 

2 

6 




„ Annual Contributions in advance ... 

... 77 

14 

0 







— 

2250 

16 

a 

„ Publications : 








Sale of Quarterly Journal : 

„ Vols. i to Ixxvii (less Commission 

^27 14s. Od,) 282 3 1 

„ Vol. Ixxviii (less Commission 

48. Id.) 36 15 0 

„ Otker PubHoations (less Com* 

mission)' 16 15 10 


Quarterly Journal Subscriptions 242 

List o£ Ceol. Lit. Subscriptions 27 


Miscellaneous Beceipts 

Interest on Deposit 

Dividends, as received : — 

^2500 India 3 per cent. Stock 

jBSOO London, Brigrbton, <fc South Coast 
Bailway 5 per cent. Consolidated 

Preference Stock 

«82250 London & North-Western Bailway 

4 per cent. Preference Stock 

.£2800 London & South-Western Bailway 
4 per cent. Consolidated Prefer- 
ence Stock 

.£2072 Ididland lUiolway 2^ per cent. 

Perpetual Preference Stock 

de267 Gfi. 7d. Natal 3 per cent. Stock 

> Income-Tax recovered 


334 13 11 


269 8 6 


40 

12 


7 

0 


75 

0 

0 

10 

13 

9 

64 

2 

6 

79 

16 

0 

37 

4 

7 

5 

16 

4 


1 

a 


272 18 
83 1 


2r 

0 


Special Beceipts. 

To Transfer from Sorby & Hudleston Bequests. 75 6 

„ Grant from the Boyal Society 100 0 


175 6 2 


^4860 0 0 ^ 



150 0 0 


iiy Maintenance Fund .. 

,5 House-Expenditure : 

Taxes 15 0 

Fire- and other Insurance 24 0 6 

Electric Lig-hting 49 n g 

Gas 18 18 6 

Fuel 46 5 6 

Furniture and Repairs 10 6 

Annual Cleaning* 16 2 0 

Washing and Sundry Expenses 68 8 11 

Tea at Meetings 19 38 7 


„ Salaries and Wages, etc. : 

Permanent Secretary 550 0 0 

Librarian 300 0 0 

Clerk 200 0 0 

Junior Assistant 127 5 0 

House-Porter and Wife 144 0 9 

Housemaid 76 9 10 

Charwoman and Occasional Assistance ... 36 2 0 

Accountants’ Fee 10 10 0 


,, Office-Expenditure ; 

Stationery 44 2 0 

Miscellaneous Printing 109 6 2 

Postages and Sundry Expenses 96 7 9 


Liibraiy : 

Books and Binding 123 17 0 

Catalogue Cards 6 18 0 


,, Publications : 

Quarterly Journal, Vol. Ixxviii, Paper, 

Printing, and Blnstrations 1082 5 3 

Postage on Journal, Addressing, etc 27 19 2 

Abstracts, including Postage 231 1 11 

List of Geological Literature for 1921 ... 167 15 11 


„ Q-rant to the Conjoint Board of Scientific 

Societies (19^2) 

„ List of Fellows 

Special Expenditure. 

By List of Geological Literature for 1914, Print- 
ing, on a/c 100 0 0 

„ „ „ for 1914, Com- 
pilation... 10 10 0 

„ „ » « for 1915-19, 

Balance of Compilation 275 0 0 


244 11 1 


1444 7 7 

249 15 11 

130 15 0 


1509 2 3 

10 0 0 
68 5 0 


385 10 0 


By Balance in the hands of the Bankers 

at December 30tb, 1922 149 9 1 

„ Balance in the hands of the Clerk at 

December 30tb, 1922 18 4 1 

167 13 2 


We have compared this Statement with 

the Books and Accounts presented to ns, £4360 

and find them to agree. 


F. N. 
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We have compaied this Statement with the Boohs and Accounts presented to us, and find them to affree. 
EOBEBT- S. HEUKIES, Treamrer. E. N. ASHCEOtT, I . 

January SOth, im. R. M. BEELET, ( 
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Statement relating to the Society's Property. 

December BOtli^ 1922. 

£ s, d. £ dr 

Balance in the Bankers’ hands, December 30th, 

1922 149 9 1 

Balance in the Clerk’s hands, December 30th, 1922 18 4 1 

Balance of the Maintenance Fund 

Arrears of Annual Contributions 

(Estimated to produce £150 Os. 0^?.) 

Funded Property : — Valued at 

Cost Price. Bee. 30th, 1922. 

£2500 India 3 per cent. Stock 2623 19 0 1375 0 0 

£300 London, Brighton, & South Coast Rail- 
way 5 per cent. Consolidated Preference 

Stock 602 15 3 291 0 0 

£2250 London & North-Western Railway 
4 per cent. Preference Stock 2898 10 6 1788 15 0 

£2800 London Sc South-Western Railway 
4 per cent. Consolidated Preference Stock . 3607 7 6 2198 0 0 

£2072 Midland Railway 2| per cent. Per- 
petual Preference Stock 1850 19 6 1025 12 10 

£267 6s. 7d. Natal 3 per cent. Stock 260 0 0 187 2 7 

£2000 Canada 3i per cent. Stock [1930- 

1950] (Sorby and Iludleston Bequests) ..1982 11 0 1560 0 0 

£13,716 2 9 £8425 10 5 

[Noth. — The above amount does not include the value of the Library, Fumiturey 
and stocTc of unsold Publications.’} 

ROBERT S. HERRIES, Treasurer 


167 13 2 
202 3 11 
284 1 0 

£053 18 1 


January SOth, 1923 
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Awabd oe the WoeiiASton Medal. 

In presenting the Wollaston Medal to Mr. William Whitaker, 
P.R.S., the President addressed him as follows: — 

Mr. Whitaker, — 

The awai’d to you of the Wollaston Medal expresses, with the 
greatest emphasis that is possible, not only the high value which is 
placed upon your contributions to Geology, but the affection with 
which you are regarded by the Society as a whole. The nature and 
worth of your researches in many parts of England were dealt with 
by Presidents much better qualified for the task than I am, when 
you received the Murchison Medal in 1886 and the Prestwich 
Medal in 1906. It is a privilege which I value very highl^^ to be 
in a position to give to you the blue ribbon of British Geology, 
and in handing it to you 1 venture to lay stress upon what I may 
call the moi'e human aspect of your services to Geology. There is 
a genius of the heart as well as of the brain *, and, if I may say so, 
you are fortunate in possessing both. Familiar, in a limited degree, 
with the more technical side of your work, I have long been accus- 
tomed to think of you as an exceptionally happy illustration of the 
truth of the dictum that men of science are always the most 
human. It is no light service that you have rendered through 
your sympathetic appreciation of the needs and aspirations of 
younger generations of students, both professional and amateur, 
by imparting to them some of your own enthusiasm, enabling 
them to acquire not only a love of Nature and the joy of probing 
into the secrets of the rooks, but the ability to realize the truth of 
W. E. Henley’s lines ; — 

‘ What Nature has writ with her lusty wit 
Is worded so wisely and kindly, 

That whoever has dipped in her manuscript 
Must up and follow her blindly.* 

Mr. Whitaker replied in the following words : — 

Mr. President, — 

I am proud to find my name associated with the names of the 
ninety-four good men, from William Smith onward, who have 
received this medal. 



Looking back over many years’ work at Geology, I am glad to 
bear witness to the great advantage that I have reaped from the 
work of those who have gone before me, and to acknowledge 
the great help that I have received from the manj living workers 
in the various branches of our science, among whom I have spent 
the greater part of my life. Old and young, I thank them all. 

Should what work I have done be of like service to those who- 
follow me, I shall not have lived in vain. 

It is one of the most pleasing prospects of old age to see tliat 
there are younger men able and willing to take up the work which 
we older men have to drop>, and, looking around me, I salute the 
Medallists of the future. 

Since my retirement from the Geological Survey, more than 
a quarter of a century ago, my work has, of necessity, been largely 
limited to applications of our science to more or less practical 
purposes. In this I have been associated with chemists, engineers, 
and others, from whom I have learnt much as to the bearings of 
various sciences on each other, and whose help I am glad to 
acknowledge. To the continuance of this help I am still looking 
forward. 

I thank the Council for this, the third Medal which it has 
awarded to me. I thank you, Sir, for the very kind words with 
which you have given me the Medal, and I thank all my friends 
for the way in which they have marked their apj)roval of the 
award. 


Award op the Muechisoh Medal. 

The President then presented the Murchison Medal to* 
Prof. John Joly, P.R.S., addressing him as follows : — 


Dr. Jolt, — 

It is with peculiar pleasure that I hand the Murchison Medal 
to a Professor and Pellow of Trinity College, Dublin — a foundation- 
for which, not only as in private duty bound as an honorary 
graduate, but also on other grounds, I have an affection. Your 
contributions to science have been many and varied; at once a 
physicist and a geologist, you have by your researches happily 
united the two sciences, and in so doing you have displayed un- 
ceasing industry, remarkable fertility for invention, elegance in 
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■experimentation, and brilliance in interpretation. Incidentally, 
I may add that botanists also owe yon a debt of gratitude for the 
distinguished part that you played, in conjunction with Prof. H. H. 
Dixon, in contributing to our knowledge of the ascent of sap in 
tirees. The publication of your work on ‘Radioactivity and 
G-eology ’ marks an epoch in the history of our science. By your 
quantitative determination of the distribution of mdium and, later, 
thorium, you 'were able to liberate Geology from the narrow limits 
vof time imposed upon it by inadequate knowledge. Your investi- 
:gation of the m3’’sterious haloes of biotite and other minerals is a 
model of scientific research : in its later stages it afforded unex- 
pected ‘ evidence of a change of rate in the disintegration of 
Tiranium dependent on time. At an earlier date you attacked the 
problem of the Earth’s age by another method of investigation, 
with results not inconsistent with your latest estimate. You have 
greatly extended the use of the microscope as an instrument of 
rscientific research ; by an original method you have measured the 
-expansion which rocks undergo on fusion, using for observation 
minute spherules of material not contained in an enclosing vessel. 
That you still take a keen interest in geological problems is shown 
by your recent suggestion of a vera cama for the movements of 
-the land imagined by "Wegener. 

It is not often that one finds in combination powers of imagina- 
-tion such as you possess, and sufficient patience and critical faculty 
to exercise the necessary control ; nor are there many scientific men 
who are able, as you are, to express the results of research in 
language which is also literature. 


Prof. JoLY replied in the following words : — 

Mr. PUESIDEITT,— 

I find it difficult to express how much I feel the honour that 
you, Sir, and the Council of this Society have conferred upon me 
Yn awarding to me the Murchison Medal. I am sincere when I 
rsay that I never anticipated so great a distinction. 

*I have— -so far as I was able — consistently worked in that 
•domain of science where Geology and Physics meet. Drawn into 
physical lines of thought by early training and associations, I have 
.always looked with a certain longing at that delightful aspect of 
'.the geologist’s mission which leads him to the field and to the 
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mountain to study the rocks as Nature made them. In my youth 
I spent many years in the Swiss Alps : Nature in her most impres- 
sive developments was around me. Yet, while I revelled in the 
beauty of that geologist’s paradise, I felt with a certain regret that 
my contact with it must he, not among the mountains, but through 
the work of the laboratory. 

But now, Sir, receiving this Medal and knowing that it means 
recognition from so many eminent geologists, I ask myself whether, 
after all, I did not do right. True, I cannot shake odE the feeling 
that I am very ignorant of much that is known to the worker 
in the field. But then. Sir, the approval of this great Society 
encourages me to hope that something may remain of my poor 
work, which others will be able to apply to the revelations of 
Nature. 

Badioactivity, for instance, has been born in our time. I believe 
that the day is near \vhen the bearing of this branch of science on 
Oeology will be so far recognized that labour expended in investi- 
gating the interaction of the two sciences will not be regarded as 
wasted. Most ideas are, however, born to perish, some living a 
little longer than others, but in the end being obliterated by the 
denuding forces of Time. There are many who regard the present 
Bs a period of revolution and diastrophism for our science. But 
we need have no fears: new ideas will assuredly take the place 
4Df the old. 

I have to thank you. Sir, and the Council and the Fellows of 
this Society for encouragement and renewed hopefulness. 


Awabd op the Lyeee Medae. 

In presenting the Lyell Medal to M. GtITStave F. Doelpus, 
For.Memb.G.S., the Pbesident addressed him as follows: — 

Monsieur Boeeptts, — 

Though political frontiers may sometimes coincide with natural 
.boundaries on the smtace, the deeper strata form connecting-links, 
aiot only between diferent parts of Europe, but between our own 
island and the neighbouring lands of France and Belgium. 
>C-eologists are necessarily divided into national groups, but their 
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reseiirclies are international : it is our pleasure, as -well as our duty, 
to give expression to this aspect of Geology hy the bestowal of 
some of our awards upon foi-eign colleagues. Over thirty years 
ago the Geological vSociety elected you a Foreign Correspondent^ 
and twenty-three years ago it 'welcomed you as a Foreign Member r 
to-day we give a further proof of our appreciation of your services, 
and of our desire to mark the persistence of the ties of friendship 
between French and British geologists, by iDresenting to you the 
Lyell Medal. 

It is more than half a century since you began your geological 
career — a career characterized by uninterruj^ted activity, ^vhich has 
not only brought its own reward in facts discovered and in the 
advancement of knowledge ; jmu have also received many honours 
both at home and abroad. Your researches have been both in- 
tensive and extensive. You have made the Paris Basin your 
especial province, investigating the strati graphj^ of its sediments, 
following the crustal movements and the changing geographical 
conditions ; you also qualified youi'self by acquiring an intimate 
knowledge of different groups of recent animals, in order to deal as 
an expert with its successive faunas. The Paris Basin is classic 
ground ; to the geologist almost sacred ground : your name will 
always be associated with the interpretation of its secrets. You 
have also ranged over wider fields, utilizing facts of observation as 
a basis of philosophical deduction. On the more practical .side you 
have rendered invaluable service as a maker of maps, and in demon- 
strating the economic value of a knowledge of the rocks. In 190fi 
you penetrated the strata below the English Channel, and showed 
that it was not geological difficulties that stood iu the way of 
the construction of a tunnel, but political reasons, which, as you 
truly said, are ‘ €trangeres h la question g^ologique.’ Though 
apparently separate, France and England are united below the 
water. A-s Dr. Charles Barrois happily said, in a congratulatory 
Addtesa from the University of Lille to our Society in 1907 : — 

‘The TTniveraity teaches her pupHs that France and England, though 
separated only since yesterday by the 'waters of the Fas- de-Calais, have been 
joined for millions of years by the solid fotindations of the Chalk.’ 

May the presentation of this Medal be regarded as tbe ex- 
pression of a desire on our part to emphasize the deep-seated 
nature of the bonds between the two countries. 
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M. Doelfus replied in tlie following woi'ds : — 

Monsieur le Pb^sident, 

Yous voyez devant vous un homme bien embarrasse, il se demande 
en quelle langue il doit vous remercier ; ee n’est pas un litterateur 
que vous avez bien voulu recompenser, mais un scientifique, et vous 
aurez de toutes manieres a I’excuser, car il aumit tout autant de 
peine a vous exprimer en fran 9 ais qu’en anglais toute sa gratitude, 

Il vous remercie de Tavoir choisi, malgre son ^ge, malgre son 
eloign ement, et il n’attendait pas I’lionneur que vous voulez bien 
lui faire comme un couronnement de sa carriere. 

Ce n’est pas que les eneoumgements lui aient totalement manque 
jusqu’iei : il a d^ja eu sa part, mais il trouve surtout sa recompense 
dans la pensee des decouvertes qu’il a pu faire dans le domaine 
g^ologique et daxis les contributions qu’il a pu apporter dans la 
stratigraphie et la paleontologie du Bassin de Paris et le Tertiaire 
fran^ais, qui depuis cinquante ans sont Tobjet de ses reehercbes sur 
le terrain. 

Les bommes de ma generation, qui out d^bute vers 1870, ont 
ti'ouv^ les traits g^neraux de la science geologique d6ja traces, et 
Lyell est parmi ceux qui ont le plus contnbu6 k son ^tablissement ; 
ils se sont avances avec assurance, guides par la doctrine des causes 
actuelles de Lyell, comme par un pbare lumineux qui ne pouvait les 
%arer, Les bommes de la genemtion qui m’a suivi durent 
travailler bien da vantage pour d^couvrir des cboses nouvelles ; car la 
Science se complique de plus en plus, et demande des efforts toujours 
plus longs et plus obstin^s. Mais c’est encore dans Lyell qu’ils 
trouvent le meilleur guide, nul plus que moi n’en a recoxnmande la 
lecture attentive aux debutants. Nul maitre n’a eu de disciple 
plus fervent, et aucune recompense ne pouvait ^tre mieux appro- 
priee a un admirateur. 

Je n’ai pu connaitre Lyell pemonnellement, il est mort en 1875, 
Tann^e m^me ou je suis venu pour la premiere fois ^tudier la 
geologic de I’Angleterre. Mais j’ai connu h Paris le vieux paleon- 
tologue Desbayes, qui Tavait aid6 dans ses travaux et lui avait 
prepare les listes de fossiles qui Font conduit a 4tablir les grandes 
divisions de TEoc^ne, le Miocene et le Pliocene, lesquelles ont 
universellement accept^es. 

Je suis un arriere-petit-fils scientifique de Brongniart, Tun des 
fondateurs de la Geologic fi-an 9 aise, auquel avait succ^dd h la Sor- 
bonne Constant Provost, dont Fun des meilleurs ^l^ves a Jules 

TOE. EIXIX. d 
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Gosselet dont je m’horiore d’avoh* ete le disciple. La doctrine de 
Constant Prevost est bien celle de Lj^ell, celle des causes actuelles 
par opposition a celle des causes mysterieiises et inconnues contra 
laquelle il fallait alors latter. Mais Constant Prevost en a tire 
des consequences de synchronisme exagere que les etudes poste- 
rieures n’ont ]3as confirmees. 

Pour les jeunes qui nous siiivent, la lutte est aillenrs, elle cst 
dans la theorie de la structure des montagnes et dans la possibilite 
de deplacement des masses minerales ; la encore il est probable 
qu’il y a exageration dans les deux sens, et que nous arriverons, 
sous Pegide de Lyell, a des conceptions definitives basees sur des 
constatations decisives. Merci, mes chers confreres, grand merci. 


Awabh oe the Big SB y Medab. 

In handing the Bigsby Medal, awarded to Mr. Edwabh 
Batteesby Bailey, M,C., to Mr. G. W. Lamplijgh, F.R.S., 
for transmission to the recipient, the Pebsibent addressed him 
as follows : — 

Mr. Lamplugh, — 

As a fellow-graduate of Mr. Bailey’s University, I may venture 
to express the opinion that the work which he has done entitles 
him to a very honourable place in the list of Cambridge men -who 
have added to academic distinction the greater distinction that is 
earned by successful labour in the field. Introduced to Scottish 
Geology by Dr. Peach, Mr. Bailey devoted himself mainly to the 
problems of tectonics and petrogenesis. In collahomtion with 
C, T. Clough and H. B. Maufe, he greatly advanced our know- 
ledge of the mechanism of plutonio intrusion by the study of the 
cauldron-subsidence of Glencoe. The Highlands of Scotland are 
famous in literature and in geology : the misty atmosphere of the 
glens is charged with memories which appeal to the imagination 
of the poet, and the structure of the rocks has long tried the 
ingenuity and temper of geologists. In 1910 Mr, Bailey enun- 
ciated a theory of recumbent folds in explanation of the structure 
of the Ballachulish district, and recently summarized the results of 
his researches in other regions in a masterly communication to this 
Society. His investigations have provided a stimulus which cannot 
jfail to have far-reaching effects. As a soldier as well as a geologist. 
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Mr. Bailey has served his country with distinction. After the War 
he retunied with undimiiiished vigour to Greology, and Ave look 
forward Avith pleasant anticipation to the puhlication in the near 
future of the results of his researches in the Island of Mull. In the 
•course of military service, he found ojjportunity to describe the 
igneous rocks of Drake’s Island in Plymouth Sound. Among other 
contributions to Greology, I may mention Mr. Bailey’s Avork on the 
petrology of Carboniferous and Old Bed Sandstone rocks, and tlmt 
■with Prof. P. F. Kendall on the glaciation of East Lothian. In 
handing the Bigsby Medal to you for transmission to the Medallist, 
I would ask you to express to him our regret that he Avas unable 
to be with us to-day. 

Mr. LAMPiiUGH, in reply, said : — 

Mr. Pkesidei^^t, — 

I AAull ask your permission to read the foUoAving communication 
received from the Medallist : — ‘ Please conA^ey my thanks to the 
President and Council for the honour that they have done me in 
recognizing my e:Soi*ts towards the furtherance of Highland 
Geology. We in Scotland are fortunate, in that our difficulties 
are our delight ; and, as we face them, AA^e ahvays remember a 
little band of pioneers whose devotion in the past has opened up 
tihe way for fi’esh advances.’ 


Awabd fbom the Woleaston Dois-atioit Ftji^i). 

The Pbesiuent then handed the Balance of the Proceeds of the 
Wollaston Donation Fund, awarded to Heebebt Harold Bead, 
M.Sc., to Dr. J. S. Flett, F.B.S., for transmission to the 
■recipient, addressing him as follows : — 

Dr. Flett, — 

Almost immediately after joining the stafE of the Geological 
Purvey, Mr. Bead volunteered for military service. Invalided out 
of the army in 1917, he began work in the complicated region 
of Lower Ban:ffshire and' Korthem Aberdeenshire, and made the 
fullest use of the opportunities which that region offered for 
research into the succession of the Highland schists. An im- 
portant piece of petrographical work was the recognition in 

d2 
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Strathbogie of two identical igneous sequences, separated by an 
epoch of intense earth-movement. The outstanding feature of 
Mr. Bead’s petrographieal work, and one that will undoubtedly lead 
to still more important developments, is the evidence which he has. 
been able to produce from the igneous rocks of Banff and Aberdeen 
of the great part played by assimilation-processes in j^etrogenesis. 

May I ask you, in ti*ansmitting this award to Mr. Bead, to. 
assure him of our good wishes for further success in the future ? 


Awabd ebom the Mhrchisois Geological Fund. 

In presenting the Balance of the Proceeds of the Murchison- 
Geological Fund to Mr. Thomas Henry Withers, F.G.S., the- 
President addressed him in the following words : — 

Mr, Withers, — 

The curious group of highly specialized Crustaceans known as 
Cirripedia is of particular interest to British naturalists as having 
formed the subject of two monographs by Charles Darwin, on the- 
recent and fossil forms respectively. Darwin worked steadily on 
his ^ beloved barnacles ’ for eight yeai’s : in his autobiography he 
wrote : ‘ I do not doubt that Sir E. Bulwer-Lytton had me in mind 
when he introduced in one of his novels a Professor Long who had 
written two huge volumes on limpets.’ Since Darwin’s day but 
Httle work had been done on the fossil repi'esentatives of the- 
group, and it had become clear that a revision and extension of 
our knowledge was needed. That work you have been carrying 
out since 1910, in a manner that has evoked the admiration of youx'- 
fellow-workers for its care and accuracy in descidption and its. 
insight into morphological conclusions. That you have enidched 
systematic lists with many new species is of less importance than 
the light which you have thrown on the relationships of the various 
genera, both living and extinct. In awarding you the Proceeds of 
the Mui'chison Geological Fund, the Council recognizes, not only 
the value of the work, hut the enthusiasm that has led you to. 
devote your leisui’e to its preparation and, in many cases, your- 
means to its worthy illustration. 
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Awards erom the Ltell Gteolo&ical Fitis-d. 

The Pbesideot then handed a moiety o£ the Balance of the 
Proceeds of the Lyell G-eological Fund, awarded to Pi’of. Widliajm 
Noel Bensow, D.Sc., to Dr. H. H. Thohas for transmission to 
the recipient, addressing him as follows ; — 

Dr. Thoaeas, — 

Like many of Prof. Sir T. W. Edgeworth DaviPs students, 
Dr. Benson directed his earliest research-work to the study of the 
petrology of igneous rocks, and it was with the intention of dealing 
with this phase of the subject only that he began, in 1909, an 
investigation of the Great Serpentine Belt of New South Wales. 
Finding it impossible to obtain a com^dete understanding of the 
igneous rocks without studying also the associated sedimentary 
strata, he eventually undertook the examination of all the forma- 
tions over this large area, some hundred miles in extent, and 
elucidated the sequence of geological events most successfully. 
This involved long periods of work in the field, followed by detailed 
petrological and chemical researches at Cambridge, and the com- 
parison of Australian material with specimens in the collections 
of many Continental universities. Dr. Benson has given us the 
results of his work in a series of masterly papei^s, the first of 
which was published in 1913 ; and in these he added greatly to our 
knowledge, not only of the geology of the area investigated, but 
of the origin of serpentine, of the ehamcters of the spilites and 
keratophyres, and of the process of albitization involved in their 
formation. 

That his work has been appreciated in the Dominions has been 
shown from time to time ; latterly by his election to the Presidency 
of Section C of the Australasian Association for the Advancement 
•of Science at its meeting at Melbourne, and by his appointment as 
Professor of Geology <fe Mineralogy at the University of Otago. 
The award to Dr. Benson of a moiety of the Balance of the Lyell 
Fund is an indication that we also are not unappreciative of his 
merit. Will you kindly tell him that our confident hope is that 
he will continue in New Zealand the good work which he began in 
Australia ? 
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The PuESiDENT then presented the other moiety of the Balance' 
of the Proceeds of the Lyell Greological Fund to Prof. William 
Thomas Gorloh, D.Sc., addressing him as follows ; — 

Dr, Gordoh, — 

The encouraging friendliness of the Society to workers who- 
have made the botanical side of Palaeontology their chief concern 
may fairly be said to have reached its maximum development at 
this particular moment of geological history. It is a great pleasure 
to me to have the honour of presenting a moiety of the Balance of 
the Lyell Fund to a fellow-palseobotanist who has added very 
materially to our knowledge of the morphology of some of the- 
more interesting genera of Lower Carboniferous plants, and, more 
recently, has thrown light upon certain Cambrian organisms dredged 
from the floor of the Antarctic Ocean. You have not been content 
to investigate material provided by others j you have shown your- 
self to be equally at home as a collector in the field, and as a 
lapidary and a microscopist in the laboratory. You have attacked 
very difficult problems, particularly the elucidation of the structure- 
of some of the oldest Ferns, and in this field you have been 
conspicuously successful. 

The work which you have done is highly appreciated by your 
colleagues, both at home and abroad. I sincerely hope that you 
will long continue to devote your attention and those Scottish 
qualities, which some of us regard with envy, to the problems of 
Palseozoic Botany still awaiting solution in the rich herbaria on 
the shores of the Firth of Forth. 
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THE AISTKIA^ERSABY ADDRESS OP THE PRESIDENT, 

Albert Charles Sewarb, Sc.D., F.R.S. 

Diteingi- the past year the Soeietj^ has lost three Foreign 
Members, Prof. Capellini, Prof. Issel, and Dr. Reusch. The 
tragic circumstances of the death of Dr. Reusch add poignancy to 
our sense of the grievous loss which Geology has suffered. For 
the obituary notice of Prof. Capellini I am indebted to our 
Foreign Secretaiy, Sir Archibald Geikie, for that of Dr. Reusch to 
Dr. A. Harker, and for the notice of Prof. Issel to Dr. A. Smith 
Woodward- We have also lost one Foreign Correspondent, 
Prof. Theodor Liebisch. I have further to record the death of 
twenty-nine Fellows. I take this opi^ortunity of thanking f<»r 
their kind assistance those Fellows whose initials are appended to 
the obituary notices. 

Ry the death of Giovaxsti Capellini on May 2Sth, 1922, 
Italy was deprived of her most prominent geologist. Born at 
Spezia in 1833, he was early led to interest himself in the rocks of 
that picturesque district. After studying natural history at the 
University of Pisa, he was eventually appointed to the Professor- 
ship of Geology at Bologna, which he held with distinction to the 
end of his life. He devoted himself to the investigation of the 
geology and palaeontology of the Appennine chain, and to the 
formation of a Museum in 'which the principles of geology were 
illustrated by specimens gathered from a wide field of observation, 
not only in Italy but in foreign countries. Besides availing 
himself of the geological riches of the eastern slopes of the 
Appennine chain, so conveniently reached fi'om Bologna as a 
centre, he was ultimately led to pass his summer retreat at Spezia, 
whence he studied the western side of the gre^at mountain-mass. 
He specially worked out the stratigraphy and palaeontology of the 
Infra- Lias, embodying his researches in an important memoir. 
He also brought to light the volcanic rocks of the province of 
Pisa. Capellini was perhaps more widely known personally among 
the geologists of the world than any other cultivator of the 
science. Not only did he travel, widely, but for many years he 
was one of the most constant supporters of the International 
Geological Congress. He had taken an active part in the forma- 
tive meeting of that body held at Bologna in 1881, and he 



Ivi 3?R0CEBDINas OB THE aEOEOGICAL SOCIETT. [vol. Ixxix, 

continued to attend the subsequent gatherings in European 
capitals until the war put a stop to them. Ho spoke French 
fluently, but with a strong Italian accent. His courtesy and 
kindliness made him welcome everywhere. His services to science 
wei’e I’ecognized by various Governments and Academies in the 
bestowal of decorations. These he used to wear at the Congress 
meetings, where he was always a conspicuous ligure from the 
number of ribbons and crosses that hung on his breast. [A. G.] 

Hans Henrik IIeusch was born at Bergen in 1852. His 
devotion to Geology dates from his student days. After gradua- 
ting in 1875 he became Assistant to the Norwegian Geological 
Survey, but retained his connexion with the University until 
1888. Upon the death of Prof. Kjerulf in that year, Iteuseh was 
appointed Chief of the Survey, and entered u]>ou the career which 
was his life-work. His personal contributions to the geology of 
his country were numerous and important. At an early date he 
detected fossil remains in some of the schistose rocks of the 
Bergen district. This discovery, announced in 1880, still has its 
interest in connexion with the possible Caledonian age of the 
regional metamorphism in extensive tracts of Norway. In 1888 
appeared a valuable monograph on the Boinmel and Karm Islands. 
In the prosecution of his researches Beusch travelled widely over 
the length and breadth of Norway. The stafE of the Norwegian 
Geological Survey has at no time been large, and at first con- 
sisted of the Chief and one permanent Assistant : consequently 
the maps, memoirs, and year-books issued in the name of the 
Survey represent in many instances the single-handed labours of 
the Chief. 

In addition to his own contributions to Geology, both pure and 
applied, ReUsoh took part in geological activities of every kind, 
and had a keen interest in the promotion of scientific knowledge. 
He was instrumental in starting in 1877 the popular journal 
' Naturen,’ which has done much towards spreading an intex'est 
in science in the Scandinavian qpuntries. He was also one of the 
founders, in 1905, of the Norwegian Geological Society. His 
modest and amiable disposition made many friends, and his 
eminent services to Geology brought him some well-merited 
honours. He was elected a Foreign Correspondent of our Society 
in 1889 and a Foreign Member in 1897, and in 1895 he was the 
recipient of the Lyell Medal. In 1907, as a delegate to oui* 
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‘Centenary Celebration, he received the honorary degi'ee o£ Doctor 
dll Sciences from the University of Oxford. 

In 1921 Reusch resigned the Directorship of the Geological 
‘Survey to make place for a younger man ; but he was not to 
enjoy long the relaxation thus gained. The story of his end, as 
-conveyed by his lifelong friend, Pi*of. W. C. Brogger, is a tragic 
•and pathetic one. In October of last year he took possession of a 
cottage which he had purchased at Hvalstacl, some 12 miles from 
Uhristiania. On the following day he left his new home to attend 
-a meeting of the Council of the Norwegian Geological Society ; 
but, on attempting to enter an electric train while in motion, 
he fell, and was crushed beneath the wheels. He leaves a name 
■which will live in Norwegian geology, and will recall jdeasant 
memories to all who knew him. [A. H.] 

Artxjro Issel, who was elected a Foreign CoiTespondent of 
Dur Society in 1900 and a Foreign Member in 1907, was born at 
Genoa on April 11th, 184-2, and graduated with honours in Natural 
Science at Pisa in 1863. He was an all-round naturalist, and 
during his extensive travels in the MediteiTanean and Red-Sea 
regions he devoted especial attention to the Mollusea, both living 
and fossil. In 1869 he published an important volume on the 
Malacology of the Red Sea. In 1866, however, he had been 
-appointed Professor of Geology & Mineralogy in the University 
of Genoa, and ho held the Professorship of Geology alone until 
1917. He thus began most active and varied research in geology, 
and continued his valuable work without ceasing until his well- 
earned retirement. He studied the geology of his native Liguria 
from every point of view, and in 1892 he published two ex- 
haustive volumes on the Geology and Prehistory of the country. 
He was especially interested in the exploration of the caves on the 
■coast. For some years he was President of the Royal Geological 
Committee and of the Geological Society of Italy, and he was 
very active in fostering scientific research in Genoa. His personal 
■charm and enthusiasm made him an ideal teacher and colleague, 
and his scientific worth was acknowledged by the many honours 
•conferred on him by the Institute of France, the Geographical 
Society of Italy, and other Societies, including our own. Prof. 
Issel died at Genoa on November 27th, 1922. [A. S. W.] 
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Theodor Ltebisch was elected a Foreign Correpondent of our 
Society in 1899. He was born at Breslau, where he graduated in 
.1874 ; he became Professor of Mineralogy successively at Breslau, 
G-reifswald, Konigsbei’g, and G-ottingen. Since 190S he had been 
Professor of Mineralogy <& Crystallogiuphy and Director of the 
Mineralogical & Petrographical Institute Museum in the Uni- 
versity of Berlin. From 18S5 to 1921 he was one of the joint 
Editors of the ‘ Heues Jahrbuch fiii’ Mineralogie, Geologie und 
Palaontologie.’ His earliest paper (a dissertation in 1S74) was 
petrograidiical, dealing with the erratics of northern igneous rocks 
found in Silesia ; hut all his later papers relate to the geometrical, 
optical, and physical proi^erties of crystals, and to instruments for 
the determination of these. Apart from his teaching, he was 
best known through his profound treati.ces on geometrical and 
physical crystallography. He died on February 9th, 1922. 

[L. J. S.] 

. William Oarruthers was born at Moffat (Dumfries-shire) oh 
May 29th, 1830 ; he died on June 2nd, 1922. His intention was 
to become a Minister in the Presbyterian Chui’ch ; but, although 
circumstances led him to follow a scientific career, he never lost 
his youthful theological enthusiasm. Primarily a botanist, "Keeper 
of the Botanical Department of the British Museum from 1871 to 
1895, and Botanist to the itoyal Agricultural Society from 1871 
to 1909, he was for more than fifty years a -Fellow of the Geological 
Society. Fifty-four years ago a grant from the Wollaston Fund 
was awarded to him, and from 1884 to 188G he held the office of 
Vioe-President. In 1858 he published a paper on Dumfries-shire 
Graptolites, and this was followed a few years later by tNvo other 
geological contributions. The first of a long series of memoirs on 
the plants of former ages was published in 1865. Carruthex*s was 
one of a small and distinguished baud of naturalists who were 
largely responsible for the application of scientific methods to the 
study of extinct plants. Within a short time, especially in the 
decade 1867-1877, before he became deeply immersed in official 
duties, he made valuable contributions to our knowledge of 
different floras and many genera of fossil plants. He described an 
early Tertiary Osmundaeeous fern from Herne Bay, a tree-femi 
from the Upper Greensand of Shaftesbury, several new Oyoads and 
Conifers fi'om Mesozoic rooks, Permo-Carboniferous plants from 
Brazil and Queensland, Lepidodendra, Calamites, and other genera. 
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from the Coal Measures. He was the first to recognize the true 
morphological nature of the tissue of the problematical Silurian- 
and Devonian genus JS^emafo^lii/ciis^ a discovery which involved 
him in a lengthy, though by no means dull, controvei'sy with the 
late Sir 'VYilliam Dawson. He ranged over the whole domain of" 
the plant-kingdom, and applied his extensive knowledge of existing 
forms to the interpretation of palaeobotanical records succes- 
sively from Silurian to Tertiary strata. The services of Oar- 
ruthers to the Botany of the past cannot be adequately measured 
by reference to his published work. After he ceased to publish 
original papers on palaeobotanical subjects, he continued to exert a 
considerable influence upon younger workers. As I can gratefully 
testify, by his uniform kindness and generosity, by giving to the 
less experienced the benefit of his fuller knowledge, and by placing 
unreservedly at their disposal material accumulated for his own. 
researches, he did what he could to imbue students with something 
of his own wisdom and enthusiasm. It is difficult to make a 
selection, for special mention, from the variety of subjects on 
which Carmthers wrote ; but I Venture to think that his papers 
on the Mesozoic Cj^cadophyta plaj^ed the most conspicuous- 
part in placing his name among the leaders of palseobotanical 
investigations. 

A full account of the botanical work of Dr. Carruthers will 
be found in a very interesting article ‘ In Memoiy of William 
Carruthers by Mr. James Britten, in the Journal of Botany 
for September, 1922. 

Thomas Vihcent Holmes was born at Kii-klinton Hall (Cum- 
berland) on May 18th,T843,* he died at Greenwicli on January 
24th, 1923. He was educated at a private school at Mitcham 
(Surrey) and at King’s College, London. While at College he was 
a keen Yolmiteer, reaching the. rank of sergeant in the College 
company of the Westminster Rifles. From his youth he was of 
a studious nature, and a great reader throughout his life. He 
married his cousin, Mary Winder, in 1868 : her life was a shoi-t 
one, and in 1873 he married his second wife, with whom he lived 
for nearly fifty years, until her death on Christmas Day, 1922, 
abdut four weeks before his own. In April 1868 he joined the 
Greological Survey, on which he served until July 1879, His work 
was chiefly in Cumberland, but he was also concerned with 
mapping the Yorkshire Coalfield. Long after leaving the Survey 
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lie took a large iiart in the compilation of the Memoir on the 
Thicknesses of Strata, published in 1916. This was presumably his 
latest work. He was elected a Fellow of our Society in 1876 ; he 
became a Member of the Geologists’ Association in 1879, and was 
its President in 1889-1891. He joined the British Association in 
1882, and in the same year the Essex Pield-Club (of Avhich he was 
President in 1886-1888). A frequent attendant at the meetings 
■and excursions of the Geologists’ Association and of the Essex 
Field-Club for many years, he helped greatly in their work, and 
his genial companionship was much valued. The later years of 
his life vs^ere spent in the old house which belonged to his parents, 
28 Grooms Hill, facing Greenwich Park, and there he died, 
leaving three sons and three daughters. 

His chief geological contributions, other than the work done for 
the Geological Survey (which included a Memoir on the eountiy 
around Carlisle, 1899), are included in the following papers : — 
three published hy our Society ; the Hrst in 1881, on the Carlisle 
basin, and two, in 1892-1894, dealing with the relation of the 
Biver- Gravels of the Lower Thames to the Boulder Clay. His 
most important contributions to the Geologists’ Association were 
on Cumberland, in 1882 <fe 1887, and his Presidential Address, on 
the Geological Kecord, in 1890-1891. He read many papers to 
the Essex Field- Club, including two Presidential Addresses, the 
second of which was on the subterranean geology of the South- 
East of England. He dealt also with the following subjects : — 
Subsidences at Lexden, 1887 ; Drift Maps, 1888 ; the Ancient 
Physiography of Essex, 1896 ; the new Reservoir at Walthamstow 
(two papers), 1901 ; Subsidence at Mucking, 1907. Besides 
these, there are many other shorter papers in the ‘ Essex Naturalist ’ 
and a multitude of notes, and papers on subjects not wholly 
geological, notably the Report on Deneholes, and two papers on 
Tree-Trunk Water-Pipes, 1903. His active scientific wm-k ended 
in 1914. ^ ■ [W.W.] 

Howaed Fox, of Falmouth, was a member of the well-known 
and much-respected Fox family. His first cousin, Caroline Fox, 
daughter of Robert Were Fox, F.R.S., in her book * Memories of 
Old Friends’, referring to a luncheon pai-ty at Falmouth pn 
April 7th, 1836, gives the following picture of De la Beche, whose 
work in Cornwall was worthily continued by Howard Fox ; — 

He is a very entextaxning person, Ms manners rather Eronoh, Ms oonversation 
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spirited and full of illustrative anecdote. He looks about forty, a handsome 
but careworn face, brown eyes and hair, and gold spectacles. He exhibited 
and explained the geological maps of Devon and Cornwall which he is now 
perfecting for the Ordnance (Smwey).’ 

Howard Pox was born at Falmouth in 1830, and worthily candied 
on the traditions of his family, not only in the matter of social 
gifts and personal kindliness, hut also in scientific research and the 
love of Nature. For seventy years he was connected with the 
shipping firm of Gr. C. Fox & Co., occupying various consular- 
posts, including that of American Consul, which had been held 
almost continuously from the time of George Washington by 
members of the Fox family, until the consular agency at Falmouth 
Avas merged in that at Pl^miouth. He devoted his leisure mainly 
to fishing, gardening, botany, and geology. His wonderful garden 
at Rosehill was a delight to his friends, as also to many strangers 
Avho had heard of its fame and were warmly welcomed by him.. 
But it is Avith his geological work that Ave are especialh' concerned. 
His keen eye, coupled with a Arigorous frame and a loA’e of outdoor 
life on land and sea, enabled him to make many notable diseoA’'eries. 
He traced the radiolarian cherts (Codden Hill Beds) from Corn- 
wall through DeA'on to West Somerset and, in conjunction Avith 
G. J. Hinde, contributed an imxDortant pax)er to our Journal. It is 
due to him that the radiolarian cherts and pilloAv-laA^as of Mullion 
Island Avere discovered, and ]>roved to be present in other areas of' 
West Cornwall where Ordovician rocks occur. He explored every 
nook and corner of the Lissard coast. He proA^ed that the Man o’ 
War rocks are formed of a corrugated igneous gneiss, totally 
different from any rocks occurring in situ on the mainland. He 
Avas also instrumental in throwing additional light on the vexed 
questions connected with the mutual relations of the three main 
rock- groups of Avhich the peninsula is com^^osed — the ^ granulate ’ 
series, the serpentine, and the hornblende-schist. Howard Fox 
Avas essentially a field-geologist. All Avho were brought into 
personal contact -with him Avere captivated by his geniality and. 
stimulated by bis enthusiasm. The records of his work are to 
be found in the Transactions of the Boyal Geological Society of' 
Cornwall, of which he was President during the years 1892—94, 
the ‘ Geological Magazine,’ our own Journal, and other scientific- 
periodicals. He died at Falmouth on November 15th, 1922, at the 
ripe age of eighty-six, and was laid to rest in the Friends’ Burial- - 
ground at Budock. [J. J. H. T.] 
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Ernest Westi.aice was bom on November 16tb, 1856, elected 
41 Fellow o£ our Society in 1879, and died, as the result of a motor 
;accideiit, in 1922. He was a devoted student and lover of Nature, 
.and although he i^ublished little, he contributed largely to Science 
in other ways. The fossil remains of Man were liis especial study, 
•and he leaves behind three unrivalled collections of stone- imple- 
ments. One of these represents the Chellean industry as preserved 
in gravels near Grodshill (Hampshire). The others were brought 
together in an attempt to solve the problem of Tertiary Man. 
This led in the first place to a journey to Tasmania, where he 
visited many of the ancient camps and obtained several thousand 
ispecimens of the handiwork of the extinct Tasmanian race. 
Equipped with the knowledge thus obtained, lie went next to 
Aurillac and found a residence close to Puy Boudien, where he 
'.remained actively digging in the Upper Miocene gravels for neaidy 
.a year. As a result, he amassed a collection of some 4s000 chipped 
.flints of undoubted Miocene age, which are now in course of 
examination by experts on the manufacture of flint-implements. 
The collection is accompanied by a long paper on the geology of 
Puy Boudien and its neighbourhood. 

In Ernest Westlake a remarkably original mind was united with 
^ delightful simplicity of diameter. As an instance of his public 
.spirit, it may be mentioned that, when the beautiful wood of 
Sandy Bales on the border of the New Forest was threatened with 
'destruction by the timber-merchant, he rescued it, though not a 
rich man, at his personal expense, for the perpetual enjoyment of 
sail lovers of Nature. It is in the centre of this secluded spot that 
her finds his last resting-place. [ W. J. S.] 

Sib WiiiLIam Phirson Bbai^e, Baronet, K.O. (1839-1922) had 
ra strong personality, and was well known in legal and political 
•circles. At the’ Bar he specialized in pa’bent cases, and he sat in 
Parliament as Liberal Member lor South Ayrshire from 1906 to 
1918. He was much interested in several blanches of science, 
joining the Geological Society in 1866 and the Chemical Society 
dn 1867 ; and he was President of the Mineralogical Society during 
1918-21. His mathematical treatise on crystallography, published 
in 1915, was modestly styled ‘An Amateur’s Introduction to 
'Orystallogi-aphy % the designation ‘amateur’ being intended to 
.apply both to the author and to the reader. He was crea’fced a 
Baronet in 1912, and died on April 13th, 1922, at the age of 
.eighty-twQ. [L. J. S.] 
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GrEOnaE SiMMOK-Ds EorLOEB (1853-1022) was a keen natumlist 
from his earliest childhood; he was appointed Professor of IN^atuml 
History at the Royal Agrieultui*al College, Cirencester, in 1876, 
^ind occupied the chair for thirty years. As a lecturer on many 
scientific subjects, as author of a book on Elementary Geology, of 
several botanical volumes, and as an active contributor to natural- 
history periodicals he rendered valuable service to biological science 
in the widest sense, and plaj-ed a prominent part in spreading the 
gospel of Science among the people. He was elected into our 
Society in IS 75, 

A full account of Eoulger’s botanical work will be found in an 
•article by Mr. James Britten, in the Journal of Botany for 
August, 1922. 

Alfeed Edwaei) Caeet was bom at Wargrave (Berkshire) on 
February 25th, 1852; he died at Reigate on December 30th, 1922. 
He began his career as a Civil Engineer in the Way & Works 
department of the London, Brighton, & South Coast Railway 
•Company, and was after-wards api)ointed Resident Engineer to the 
Mewhaven Harbour Company for the construction of the harbour, 
which began in 1878. Subsequent to his experience in marine 
work, Mr. Carey became a Consulting Engineer, first at Brighton 
.and later at Westminster. For many years he was a keen collector 
of flint-implements. His principal technical w'ork was published 
in 1918 ; it was a study of foreshore problems, entitled ‘ Tidal 
Lands writ-ten in collaboration with Prof. F. W. Oliver. He had 
been a Fellow of this Society since 1887. 

John Caspee Beannee, President Emeritus of Stanford 
University, California, died in his seventy-second year on March 
1st, 1922. After serving as Director of the Imperial Surv^ey 
Commission in Brazil, where he worked both as botanist and 
geologist, he was appointed, in 1885, Professor of Geology in the 
University of Indiana ; in 1892 he w^as elected to the geological 
chair at Stanford University, and subsequently became President. 
Branner made many noteworthy contributions to Geology, as the 
result of his survey -work in Brazil and in different parts of the 
United States. He became a Fellow of our Society in 1898. 


Alfeed Haepee Cctrtis was born on July 12th, 1863: by his 
>death, on January lOth,^ 1923, the Imperial Mineral Resources 
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Bureau loses an able and liigblv-esteeined member o£ its staff. 
After spending three years with an engineering firm at Swansea, lie 
became a student at Owen’s College, Manchester, and later at the 
lioyal School of Mines. On leaving London lie travelled widely in 
many parts of the Empire and in foreign countries. His paper on 
‘ G-old-Quartz deduction ’ gained for him the Telford Premium 
of the Institution of Civil Engineers. While in New Zealand,, 
during the period 189G-1002, he was a member of the Council 
and one of the Honorary Secretaries of the New Zealand Institute- 
of Mining Engineers. During the war Mr. Curtis gave much 
time to the preparation of reports dealing with the mineral re- 
sources of the Emjiire and foreign countries ; he joined the staff 
of the Imperial Mineral Resources Bureau, and took a j)i*ominent 
part in the comjnlation of the statistical and descriptive reports- 
issued by that Bureau. He will he remembered by his colleagues, 
as an untiring and conscientious worker, and his death leaves a 
gap which it will be difficult to fill. He had been a Fellow of our- 
Society since 1891» [F. H. H,] 

Leslie Aleeed Ebwaee Swihhey died from blackwater fever- 
on September ItSth, 1921, in the jungle 30 miles from Alor Star, 
Kedah (Malay States), After obtaining a first-class diploma at 
the Imperial College of Science & Technology, he %vorked as a 
mining engineer in Canada, Norway, West Africa, the Transvaal,. 
Chile, Sumatra, and India, Enlisting as a private on the outbreak 
of the War, he reached the rank of major in the Hoyal Engineers. 
One who knew him writes: miner of vast experience and 

exceptional ability ; he was a true and faithful friend of sterling 
worth . Mr. Swinney was elected a Fellow of this Society in 
1908. 

William Henry Booth, whose death occurred on November 
1921, had been elected a Fellow of our Society in 1909* 
He was an engineer by profession, and for a short time edited 
< The Mechanical World,’ He travelled extensively abroad in his 
professional capacity, and was led to take a keen interest in geo- 
logical problems. In later years he was chiefly engaged in water- 
supply work in this country. [J, F,] 

P. Chartebis a. Stewabt, whose death hy drowning while 
bathing at Balandra Bay (Trinidad) was reported in Januaiy, 



paru ANNIVEES^KT ADDRESS OF THE PBESTDEHT. IXV 

1923, was 'well known as a geologist and petroleum technologist. 
At the time o£ his death he had been connected for nearly twenty 
years Avith Yiseount Cowdray’s firm (Messrs. S. Pearson & Son), 
and had been closely associated Avith them in their oil enterprises. 
Before that he Avas on the staif of the Eg 3 ’ptian Geological SurvcA^. 
Mr. SteAvart’s death, at the age of fortA^-six, has cut short a 
promising career, and his loss aauU be keenly" felt, not only by his 
friends but by all connected AA*ith the British petrol eum-industr A". 
He had been a Fellow of this Society since 1904. 

Joseph Widdiam Wikthrop SPE^’CEE Avas born at Dundas 
(Ontario) in 1851, and graduated at McGill Unh'ersitA’' in 1874. 
His best work Avas in connexion Avith the Glacial Lakes : he proved 
the differential elevation of the old shores of Lake Iroquois, to 
AAdiich he gaA’^e its appropriate name. He published man}" papers 
on that and other ancient lakes ; but his most important publica- 
tion was on the Evolution of the Falls of Xiagai^a (Geological 
Survej" of Canada, 1907), in Avhich he summarized the results of 
his Pleistocene Avork, and made a time-table for the recession of 
the Niagara Palls from the escarpment of Queenston. This Avas 
the first approximately accurate estimate of the age of the Falls 
and of the length of time which had elapsed since the ice had left 
the Great Lakes region. He traced some river-channels, such as 
that of the St. Lawrence, by means of soundings on the charts to 
the edge of the continental shelf, thus pz’oving the former eleva- 
tion of the American continent. Dr. Spencer Avas for a feAV years 
State Geologist of Georgia, and was one of the earlier Fellows of 
the Geological Society of America. He became a Fellow of our 
OAvn Society in 1877. [A. P. C.] 

Thomas Widliam Reader was born on March 12th, 1860, and 
died on January 29th, 1923. As an enthusiastic and skilful 
photographer, he rendered valuable service to Geological Science. 
More than a hundred of his photographs are published in the 
Proceedings of the Geologists’ Association, and it was primarily in 
recognition of his ability in the important ancillary science of 
photography — an ability which he generously used in helping 
others — that the Geologists’ Association selected him to be the 
first recipient of the Foulerton Award, in 1920. For several years 
Mr. Reader was Librarian of the Essex Field-Olub, and took a 
prominent part in arranging the geological collections at the Essex 

VOD. DXXIX. ^ 



Ixvi TBOCEEDINGS OE TUE GEOEOGICAE SOCIETY. [vol, Ixxix, 

Museum of Natural History, West Ham. It ^vas by teaching (at 
Morley College, Toynbee Hall, and other places), hy collecting 
material, and by his ]3hotogmphie work lather than by writing 
papers, that Mr. Header contributed unostentatiously to the 
advancement of Archieological and Geological Science. He had 
been a Fellow of our Society since 1891. 


THE EARLIEK RECORDS OF PLANT-LIFE. 

The occupant of the Presidential chair lias exceptional opportu- 
nities of appreciating the extent and varied character of the field 
which geologists are industriously tilling ; he is made conscious of 
the fact, that to speak intelligently with his fellow-woi*kers in the 
dialects of their i*espective branches of the subject, is beyond the 
reach of the ordinary specialist. Omniscience is to the few ; 
fortunately, to the very few. 

I cannot claim to he a geologist: there w^as a time when, with 
the confidence of youth, I fancied that the term might not be 
inapplicable ; but, acting on the advice of the late Prof. T. 
McKenny Hughes, I left the main geological highway, and took 
to the botanical road with the ultimate object of devoting myself, 
so far as circumstances would permit, to the study of fossil plants. 
The road which was followed, though it lead to pleasant places, 
passed through a country for the greater part I’cmote from that of 
the geologist. The invitation to be your President W'as regarded 
as an assurance that, in the opinion of the representatives of the 
science to which I had mainly devoted myself as an undergraduate, 
my small contributions to the botany of the past come within the 
purview of the Society. labour is said to be its own reward j but 
to most of us the reward which gives the greatest pleasure and 
the istrongest stimulus is derived from the kindness and encoumge- 
ment of coUe^ues. It was the consciousness that the Society 
desired to extend to Palaeobotany a recognition equal to that 
previously given to other branches of Geology in the broadest 
sense, which gave me courage to follow my own inclination, instead 
of asking myself how far I could expect to perform efficiently the 
duties pertaining to this exalted position- 

A considerable portion of palseobotanical work is concerned with 
the description of the waifs and strays of fioms of diffierent ages 
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.and countries: tacts, or wliat authors are pleased to regard as 
^acts5 accumulated in large quantity, and in these days of 
scientific activity there is a danger of becoming wholly absorbed 
in the task of adding to the pile of data, without pausing to con- 
sider the value of the material as evidence upon which to base 
-conclusions of general interest. A student of science cannot go 
far without allowing some play to the imagination. As ‘in 
historical enquiries’, we are told, ‘imagination must always supply 
the cement that binds together the broken fragments of tradition’, 
■so.it is in enquiries into the events of pre-history. I venture to 
think that one of the many privileges of a President is that he 
ina}’' ]permit himself a reasonable amount of speculation in 
.endeavouring to present some of the wider aspects of his subject. 


My aim this afternoon is to penetrate into the remote past of 
■the history of plant-life, briefly to examine some of the early 
a'ecords, and to follow the course of evolution up to the threshold 
-of the period at which Palaeozoic vegetation reached its maximum 
development. All that I can do is critically to examine the avail- 
.ahle documents, and to interpret such as are believed to be genuine 
by means of a few impressionist sketches. 

‘ Geology" by itself has not yet revealed, and is not likely ever 
to reveal, a portion of the fii*st crust of our globe ’ : vve may 
.supplement these words of Sir Archibald Geikiewith the statement 
•that, search as we may, we shall never discover the truly primitive 
.ancestors of the organic kingdom. On the other hand, the more 
we learn of the physical-chemical attributes of living protoplasm, 
the better equipped shall we be to speculate upon the conditions 
junder which life began. Where was the first link in the chain of 
life forged ? Was it on ‘ the boundless shores of an azoic sea ’ — 
words which recall a striking passage in a sermon by Prof. T. G, 
Bonney to which I listened nearly forty years ago — on the muddy 
margin ‘ of a primeval lagoon ’, in the waters of the first world- 
K)cean, or, as was recently suggested, ‘ on the mountain-tops of the 
polar regions ’ ? 

Existence in water and on land are two very different aspects of 
-plant-life. A water-plant is surrounded by the raw material of its 
food, air, and solutions of salts ; it can absorb at any part of its 
surface, and has no concern, either with the provision of an elaborate 
mechanism for the conduction of water from root to tip of s'bem, 

e 2 
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or with methods of guarding against excessive loss of water by 
evaporation from its leaves. In a plant rooted in the ground 
absorption is localized, must be made for an ascending 

water-current and for the regulation of transpiration. The life- 
history as also the structure of a plant are affected by the 
nature of the environment. The majority of biologists ju’obably 
believe that life hognn in the sea : it is easier for many of ns to- 
picture the birth in the sea of living organisms capable of building 
up their substance from carbon-dioxide gas and mineral salts under 
the intiuence of solar energy, than to imagine a similar act of 
creation on land or in a freshwater lake. Assuming the first 
scene to have been enacted in the ocean, what were the events- 
which led to the subsequent evolution of the pioneers of a land- 
vegetation ? It would be out of place to discuss the various 
hypotheses which liave been advanced, but I cannot refrain from a 
brief reference to an ingenious and able attempt recently made by 
Dr. A. H. Churcb, of Oxford, to follow the steps of the great 
migration of the vegetation of the ocean to the surface of the land. 
He regards as untenable the view that it was from simple freshwater 
Algae, which had wandered from their original home in the sea, that 
the earliest land-plants were derived. Dr. Church sees the birth of' 
free-floating unicellular plants in the waters of a world-ocean. At 
a later stage, when the uplifting of portions of the earth’s crust 
raised the ocean- Hoor within miige of the sun’s rays, the floating 
plants were able to attach themselves to the solid substrattnn, and 
a further step was taken in the elaboration of the plant-body. A 
Plankton phase of floating life was followed by a Benthic phase, 
when a sedentary existence favoured the evolution of a relatively 
complex type of construction. When portions of the crust 
emerged above the water, the submarine vegetation was faced with 
fresh problems consequent on the change fmm water to air. 
Power to live under the new conditions could only be gained by 
drastic structural changes : the plants which solved the problem- 
were the advance-guard of the vegetation of the land. The 
assumption of the existence of an ocean which completely enveloped 
the earth before the beginning of the geological record presents- 
many difficulties ; on the other hand, as Prof. A, S. Eddington 
recently stated, a world-ocean is not inconceivable to an astronomer.. 
But, although Dr. Churcb postulated a world completely covered 
by water, I venture to think that the stages in the evolution of a 
terrestrial vegetation which he describe? do not demand such an 
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assumption. There is something attractive in the idea of deri\dng 
plants of the land fi*om highly organized inhabitants of the ocean- 
door; andj in my view at least, there is no insuperable objection to 
the conception that terrestrial vegetation received additions from 
upraised portions of the crust at more than one epoch in the 
history of the earth. 

One may hazard the opinion that palseobotanical research has 
not made it easy to picture the eoui'se of evolution through the 
ages as a single and continuous process. Dynasties rise with 
^^PP^-i’^nt suddenness into prominence ; after a longer or shorter 
period of existence, during which comparatively slight changes 
occur, they are superseded, again with apparent suddenness, by 
newer and more vigorous races. It would ahnost seem that 
' missing links ’ never existed. The vegetation of the land that 
has passed across the world’s stage cannot be correctly represented 
as a tree with many branches. Its development, seen in persj^ec- 
tive, appears as a seiies of sej^arate lines, some stretching into a 
remote past, others of more recent origin ; the impression received 
is that the starting-points of new lines are not scattered irregularly 
over the path of geological histoiy, but rather that there is a more 
or less definite grouping at certain clearly marked periods, nodal 
points in the history of evolution. I have elsewhere expressed the 
opinion that the late Palaeozoic floras differ considerably from those 
preserved in Triassic sti*ata : the older lines of evolution came to 
an end ; a new series began. In a word, the history of vegetation, 
like the history of the rocks, is characterized by cycles; there 
were revolutions in the organic as in the inorganic world. As the 
late Dr. J. Darrell said, ‘Nature vibrates with rhythms’. There is 
no absolute break in continuity, but apparently sudden changes in 
the dominant types. The conception of ‘Nature’s unchanging 
harmony ’ is not inconsistent with variations in the manner of its 
manifestation. We cannot hope to follow the unfolding of plant- 
life, unless we keep before us the historical background. 

The Pre-Cambrian Era, 

Eor the sake of simplicity, the term Archaean is used in this 
sketch as equivalent to Pre-Cambrian, without always attempting 
to draw a distinction between Archaean in the narrower sense, the 
Lewisian of British geologists, and an upper, Algonkian or 
Protei*ozoic series. In order to realize the duration of the 
Archaean Era as a whole, it is important to bear in mind that the 
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Upi)er Archiean strata do not form one continuous series ; the 
occurrence within the system of several marked unconformities* 
denotes pauses in sedimentation, the uplifting of mountain -chains,, 
the removal of millions of cubic feet of rock, and the subsequent 
submergence of the denuded land to foiaii the foundation for later* 
accumulations of sedimentary material. It has been calculated 
that the Pre- Cambrian sedimentary rocks of China (and they are- 
but a part of the whole Areba^an System in that region) indicate- 
a la])se of time at least equal to that represented by almost the- 
whole of the Paheozoie periods. Another computation assigns to- 
the Upper Archiean series a duration possibly equivalent to that 
represented by all succeeding geological 2)eriods combined. It is 
only with the rocks wliicli can be identified a.s sedimentary or 
terrestrial that we are eoneerned, not with those which are igneoiis 
in origin, or, if originally sedimentary, too highly metamorphosed 
•to be recognized as such. Our task is to discover traces of‘ 
Archisan life, to visualize the physical conditions, and to form an* 
estimate of the climate- In the earlier geological periods, we are- 
assured, the sun may well have been much hotter than it is to-day ; 
but, whether we adhere in the main to the nebular hypothesis, or* 
adopt the planetesimal views of T. C. Chamberlin and H. G-.. 
Moulton, there would seem to be no reason to suppose that on the 
Archaean land the temperature was such as cannot be matched in 
certain regions of the world to-day. Geological researches do not 
justify the statement that there has been a gradual decline in the 
temperature at the surface of the eai’th in the course of ages. 
There is overwhelming evidence against the old view that the glacial 
phase in the Pleistocene Peiiod was the result of the ‘ natural trend 
bf a moribund earth towards a cold senility ’. Ilecurront glacial 
conditions were a normal phenomenon throughout geological time.. 
Tillites of Archaean age, reaching 600 feet in thickness, cover a 
wide area in Canada, occurring at localities 1000 miles apart from 
east to west and 760 miles apart from south to north. I am 
indebted to Prof. A. P. Coleman for a photograph of an ice- 
scratched boulder, reproduced in the recently published book on 
‘Elementary Geology ’ by himself & Mr. W. A. Parks in illustra- 
tion of the glacial origin of these deposits- Archsean boulder- 
beds are recorded also from South Africa, and tillites, probably of 
similar age, occur in the Simla district in India. Cambrian, or 
possibly Upper Archsean, tillites on a large scale have been 
discovered in China, and undoubted glacial beds in N’orway are. 
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either Ordovician or Silurian in age. Arcluean tillites occur in 
South Australia, containing erratic blocks np to 10 feet in diameter 
in beds 1500 feet thick. It is but fair to state that the glacial 
origin of these beds, though accepted by Sir T. W. Edgewoii:!! 
David, Prof. W. How chin, and other geologists, is denied by 
Dr. H. Basedow" wutli a confidence which fails to carry conviction. 
In some parts of the Archiean w’oiid the climate was arctic j’ather 
than tropical. 

In Montana it is estimated that there are upwards of 30,000 feet 
of unaltered sedimentaiy strata between the older Arehtean rocks 
and the Cambrian System. It is a remarkable fact that, while 
marine Cambrian sedimentary strata have yielded a rich harvest of 
animal fossils, thousands of feet of practically unaltered Archtean 
rocks are almost comjpletely barren. The Vindhyan System of 
India, over 1400 feet thick, made up of sandstones, frequently 
ripple-marked and sun-cracked, shales, and limestones, occupying 
much the same position in the geological series as the Torridonian 
of Scotland, is characterized by an almost complete absence of 
fossils. The absence of marine life, save a few- fossils of doubtful 
value referred to the Algje, in the enormous thickness of the Late 
Archaean series exposed in the Grand Canon and in other places 
which have been searched during the last thirty years, although it 
has been attributed to the obliteration of any fossils that may 
have been present by the destructive action of heat, cannot be thus 
explained. 

It is noteworthy that records of animal life in Archaean seas are 
not above suspicion ; Dr. C. D. Walcott instituted the generic 
name Beltinu for crustacean fragments said to he Algonkian in 
age; hut Dr. R. A. Daly favours a Cambrian horizon for the 
Beltina Beds. Prof. L. Cayeux recorded many Pre-Cambrian 
foraminifera and other organisms from Britanny, but H. RaufE 
denied their organic nature. In the British Isles, in China, India, 
and in many other parts of the world the Pre-Cambrian rocks are 
eqxmlly barren. Evidence is not lacking that much of the Upper 
Archaean sedimentary material was accumulated on land and not 
under water, and in an arid climate. Attention has often been 
called to the remarkable freshness of the felspars in the ToiTidonian 
grits of the North-West Highlands, which suggests a rapid 
disintegration rather than decomposition by chemical action. 
Dr. B. N. Peach and Dr. J. Horne conclude that the climate was 
probably cold, and that there were periodic floods of great intensily. 
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Prof. J. Walther compares Torridonian conditions Avitli tliose of a 
modern snlo-tropical desert where icy storms alternate with tropical 
rains. Pehbles from the Torridon grits, and from strata of similar 
age in vSweden, bear the impress of the action of sand-blasts. The 
frequent occurrence of red deposits in different Arehsean regions is 
adduced as further eTidence of a dry climate. 

A land bare of vegetation, mountain -sides exposed to the 
desti'uctive influences of sharpl^^^ - contrasted day and night 
temperatures, avalanches of rock, restlessly drifting sand-dunes, 
floods following torrential rains spreading the disintegrated rock 
and wind-blown sand in fans and sheets in the valleys : if the 
conditions w^ere even approximately such as these, it is hardly 
surprising that \ve search in vain for the remains of a land- 
vegetation. But deserts, although ]>robahly of vast extent, were 
not a universal feature of Arclr.iean continents. The tuifossiliferous 
condition of vast piles of sedimentary strata is significant, and it 
is in the highest degree improbable that, if there had been a 
vegetation, some I’elics of it would not have been preserved. 

G-eological litei*ature contains many references to indirect evi- 
dence of plant-life during the latter part of the Arcluean Em, and 
a few descriptions of supposed plants. In some ])arts of the world 
carbonaceous rocks and beds of graphite are developed on a com- 
paratively large scale. In the district of Lake George (New York), 
alternating layers of graphitic shale or schist forni beds from 3 to 
13 feet thick, described as ‘ a fossil coal-bed ’ : on the analogy of 
the nature of more recent coal-seams, the oldest graphitic beds are 
considered to afford evidence of the occurrence of contempomiy^ 
vegetation, possibly, it has been suggested, of * i^rimitive marine 
plants The presence of graphite is not, however, in itself proof 
of the existence of vegetation. Dr. C. E. Tilley has recently dis- 
cussed the origin of graphite in Pre-Cambrian rocks in South 
Australia and other regions : while he believes that a sedimentary 
origin of the Australian graphite is most closely in accord with 
the facts, he also recognizes the possibility of the formation of 
graphite by the reduction of oxides of carbon by hydrogen, A cai*- 
honaceous deposit in Finland, which reaches a thickness of about 
feet, and is almost pure carbon, is described as undoubtedly organic 
in origin ; but, if organic, we cannot tell whether it be animal or 
vegetable. In some fine-grained carbonaceous rocks in Finland of 
Archsean age, which are believed to be metamorphosed sediments, 
small bodies like empty sacs, crushed and distorted and outlined in 
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coaly substance, occur parallel to the 2>lanes of bedding. It is 
•suggested b^^ their discoverer that these bodies are iiiij)er£eetiy- 
preserved x^lants : as records of i)lant-li£e they are valueless. 

The occurrence of iron-ore in association with Ai'cluean rocks 
•has been adduced as evidence of the existence of jdants. It is 
well known that certain bacteria and other micro-organisms absorb 
"iron from the water in which they live, and ferric hydroxide is 
deposited. Much has been Avritten on the relation of bacteria to 
ferruginous dej)osits by H. Moliscb, D. Ellis, E. C. Harder, and, 
•more recently, E. S. Moore ; but it would seem impossible to 
-determine by any dhect evidence wbether the formation of iron-ore 
in the past should be ascribed to the action of micro-organisms. 
Phosphatic nodules from Torridonian rocks in Scotland have re- 
vealed, on microscoxiic examination, an appeamnce recalling irregular 
;^roups of small-celled tissue superficially (at least) similar to that of 
• sim^ile plants, although the resemblance may be jmrely accidental. 
Eimestones are by no means rare in the Arclitean System, and for 
the greater part thej" haA^e not yielded any satisfactory records of 
plant-life. Dr. Walcott in 1915 recorded the discovery in sections 
•of an Upper Archaean limestone in Montana of cells and chains of 
cells, which he considered to be bacteria of the Micrococcits tA'pe. 
.Such they may be ; but, except in A’ery faA'oiirable circumstances, it 
is extremely difficult to draw the line between ciystals, or emhryo- 
‘ crystals, and bacterial cells. It has been demonstrated that 
unfossilif erous calcareous beds may have been formed by the agency 
•of plants. Deposits of chalky mud are now accumulating Avest of 
the Bahamas and in the neighbourhood of the Keys of Florida as the 
result of the precipitation of carbonate of lime by denitrifying 
bacteria. The examination of calcareous reefs in the Mediter- 
ranean, Avbieli unquestionably OAve their origin to masses of lime- 
secreting algse, has demonstrated that x>ortions of the rock have 
lost all ti'aces of their plant-origin. While some of the Archaean 
limestones may have been j)rodueed through the agency of jdants, 
the occurrence of calcareous rocks cannot reasonably be regarded 
.as evidence of organic oi'igin, 

I’he abstraction by algae of carbon-dioxide gas from water 
causes the precipitation of carbonate of lime ; the bicarbonate in 
'.solution is thrown down as the insoluble carbonate. The frequent 
.association of minute tubes and other presumably plant-structures 
with oolitic grains in rooks of different ages has led some authors 
to infer, from the analogy of a similar association in grains 
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now being formed, that oolitic structure generally is evidence of 
the presence of living plants. Some oolitic grains and the circular 
or oval cake-like masses, known in America as Svater-biscuits,’ 
found in freshwater lakes, owe their origin to algal agency. On 
the other hand, oolitic grains have been formed artilicially by the 
action of sodium carbonate on calcium suljdiate. Moreover, the 
association of plant-cells with grains or pebbles of carbonate of 
lime may be secondary ; the algae ma^^ have invaded the lime- 
deposits, and need not necessarily have had any share in their pre- 
cipitation ; their presence may be accidental, not causal. The 
balance of opinion would seem to be against tlie assunij^tion that 
the formation of concentric shells of lime necessarily implies the 
presence of algje or other plants. Further reference is made to 
the association of organic structures and oolitic grains in a latex- 
section of this Address. There ai-e, however, many recent algfu 
which have calcareous eoral-like bodies; the walls of the living 
cells become impregnated with cax'bonate of lime, and the soft- 
bodied alga is converted into calcareous branches or lai*ger 
encrusting cox-al-like masses based on a framework of plant-tissue. 
These ai*e the calcareous algse of recent seas which occur in arctic 
regions, though inainlj' in tropical and sub-tropical watei’s, and in 
marine sti-ata of many geological pei*iods. The abundance of the 
genus LitJiotliamnion in the Noi*th Polar sea, whore the tem- 
perature rarely rises above 0., is a fact to be reckoned with when 
use is made of calcai-eous algae as a measux-o of climate. In recent 
years substantial ^additions to our knowledge of the structure and 
distribution of Palaeozoic representatives of these reef -forming 
plants haTe been made by Prof. E. J. Garwood, ably assisted by 
Miss E. Goodyear. It is notewoi-tby that the majority, at least, 
of the specimens described by authors as calcai-eous algxe from 
Ai-chsean rocks are not in the strict sense algae at all, but are 
bodies varying in form and size, built up of concentric layers or- 
exhibiting an irregular sponge-like texture. They show ixo cellular 
sti'ueture like that of calcareous algae, and the x)nly evidence of 
any connexion with algae is that, in a very few of them, groups or 
chains of cells have been discovered on the removal of the cal- 
careous matrix by the action of an acid. Some limestones in 
Ontario, well down in the Archaean System, reaching a thickness of' 
500 to 700 feet, have been described as * almost an aggregate of" 
fossils’. These supposed fossils, which reveal no cellular structure,, 
consist of calcareous bodies, 1 to 15 cm. in diameter, characterized 
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by a concentric lamination, and traversed by radial canals: on 
very slender evidence, they are said to be allied to sponges and 
referred to a new genus — Aiilcoliania. ^ It is impossible to determine 
their nature ; if the}^ are organic, one cannot definitely assert that 
they are animal or vegetable. Prof. Garwood discovered ‘ some 
curious oolitic structures ’ in Spitsbergen, in rocks that are probably 
Ai’chsean ; but the^^ show no sign of algal origin. 

Geological literature contains many references to a type of rock- 
structure especially characteristic of Cambrian rocks, named by 
James Hall in 1883 Qryj^iozoon, and first described by J. H. Steele 
in 1825, as calcareous concretions, from Saratoga County (Xew 
York). H. P. Cushing, in an account of the Hoyt Limestone of 
Upper Cambrian age near Saratoga, says that ‘ perhaps the most 
striking fossils of the formation are the big, reef -like masses of the 
organism of unknown nature, known as CryiHozooti b A smooth 
surface of rock containing specimens of Hall's type-species show’s 
groups of concentric lines forming complete circles or segments 
of circles cutting one into the other. The matrix in well-jjreserved 
specimens is said by Hall to be traversed by minute canals. Dr. 
G. H. Wieland, who described examples from Cambrian strata in. 
Pennsylvania, suggested Cryptopliycus as a more appropriate name, 
since it definitely implies an algal nature, although of this there 
would seem to be no satisfactory evidence. On the other hand, 
Prof. O. Holtedahl, who records the occurrence of Grypiozoon in 
Cambrian strata in Norway, in Lower Paljeozoic rocks in Ellesmere 
Land, North-East Greenland, and Spitsbergen, states that similar 
structures have been found in Triassic strata. This author advocates 
the employment of Dr. Ernst Kalkowsky’s term Stromatolith. 
The same type of structure has been discovered in Pre-Cambrian 
rocks in the Belcher Islands of Hudson Bay, and in other regions, 
of North America. 

A. Rothpletz gave a full account of Gryptozooriy and recognized 
several distinct forms : he believed it to be organic, but left the 
genus suspended between the animal and the plant kingdoms. In, 
view of the general belief of those who have examined actual speci- 
mens of Cryptozoon and studied them in situ that its structure is 
organic in origin, I hesitate to express a contrary opinion- Qrypto- 
zoon may be the skeleton of an animal ; I do not think that it is 
a plant. An examination of the published figures and photographs 
and a perusal of the descriptions lead me to express the opinion 
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that there are no adequate grounds for regarding such structures 
us those designated Cn/pfozoon vind.Afi7co7i:anla, or the comparable 
forms from Carboniferous rocks described by Gi-. Gnricb, as fossil 
•ulgjB or as the j)roducts of algal life. There remains the possibility 
that a clue to the interpretation of such structures may be found 
in the class of phenomena represented hy the so-called Liesega ng 
figures, to which further reference is made later. 

In a contribution entitled * Pre-Cambrian Algonkian Algal 
Flora Dr. C. D. Walcott described soveml new genera from the 
Cordilleran region of North America, founded on rock-structure 
which he believes to have been formed through the agency of algso 
closely allied to the Cyanophycea?. These so-called algae occur 
in the Newland Limestone of the Belt Series of Montana, possibly 
in j)art at least of Pre- Cambrian age, from the base to the summit 
of a succession of beds 2000 feet thick. It is impossible in the 
time at my disposal to give a description of the various calcareous 
bodies described by Walcott ; the characters on which the supposed 
generic distinctions are based are shown in the published plates. 
My own first-hand acquaintance with them is limited to an exami- 
nation of some specimens presented by Dr. Walcott to the British 
Museum. It is with considerable rehictance that I presume to 
-criticize the conclusions of so distinguished a geologist as 
Dr. Walcott, but it would be less than honest to refrain from ex- 
pressing my 02>inion, however little value it may have. All agree, 
as Walcott states, 

® in not having tho structure of the higher Algae. All appear to have been 
deposited in successive layers, the inner and older serving as a foundation in 
which the younger filaments grew in variously arranged forms.' 

That their formation was in any way connected with algae is hypo- 
thetical. The only evidence of the association of any of these 
bodies with algae is that, in a very few examples, the residue left 
tafter treatment with acid revealed the presence of a small number 
•of exceedingly minute cell-like structures. If these be cells, their 
presence does not prove any organic origin for the associated cal- 
careous masses. My attention was drawn by Mr. W. N. Edwai'ds, 
of the Geological Department of the British Museum, to the 
resemblance of some of Walcott’s genera to concretions found in 
the Magnesian Limestone from the Durham coast. Careful exami- 
nation of these concretions led me to suspect very strongly that 
if, as is generally believed, they are of inorganic origin, a similar 
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origin must be assigned to the genera described by Walcott. The 
striking resemblance between the Archaean and the Permian struc- 
tures has been recognized independently by Prof. Holtedahl, who 
published some photographs of Magnesian Limestone concretions, 
indistinguishable in any essential features from illustrations pub- 
lished b^" Walcott. I fail to see that the American specimens 
have any claim to be regarded as algae, and I venture to think 
that they afEord no real evidence of the co-operation of plants in 
their formation. There can be no doubt that chemical and physical 
factors are sufficient in themselves to produce various types of 
structiu'e which are often attributed to the agency of plants : it 
is not unreasonable to suggest that such specimens as Dr. Walcott 
has described owe their peculiar featm*es to inorganic, and not to 
organic, causes. Experiments made some years ago by It. E. 
Liesegang demonstrated the important bearing of diffusion pheno- 
mena upon the general question of roek-structm*e. He found that 
if a coagulated colloidal solution, a gel, contains a substance in 
solution, and a second solvent capable of reacting "with tlie former- 
is allowed to diffuse into it, reaction takes place, but not con- 
tinuously ; with the result that the product is deposited in strata 
separated by apparently clear intervals. If a solution of sodiiun 
carbonate is added to a test-tube partly filled with 1 per cent., 
agar-gelatine containing calcium chloride, calcium carbonate is 
deposited in a succession of strata. It is at least worth con- 
sidering whether there may not be more than a superficial resem- 
blance, between the structures produced experimentally and various 
Stromatoliths and similar bodies generally regarded as organic, and 
frequently described as algje. 

My primary object in attempting briefly to summarize the 
various kinds of evidence which have been brought forward in 
reference to life on Archaean land and in Archaean seas is to- 
emphasize the importance of submitting such documents as are 
available to a searching examination. It is tempting to endow our- 
own remote ancestors with qualities that we would wish them 
to have possessed: similarly, a student of evolution in the wider- 
sense may easily allow to fancy more scope than the facts warrant.. 
We know nothing of Archaean land- vegetation. Negative evidence 
lends support to the suspicion that the continents were hare of 
plants. The oceans may have been inhabited by hosts of uni- 
cellular alg^, and higher forms may have lived on the shelving 
sea-margins; hut of the actual nature of these plants we Iiave no. 
certain knowledge. 
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I£ tlio vegetation of tlio land arose like Aphrodite from the sea, 
it is conceivable that, on the first emergence of the foundations of 
the continents, the plants transferred from water to land had not 
reached a stage of evolution consistent with adaptation to the new 
environment. Moreover, as we liave seen, it is probable that in 
some Archican regions the conditions were not favourable to plant- 
development. The customary assumption is that life in the 
Archajan Era was represented by simple forms ill adapted for 
preservation. The lower branebes of genealogical trees are traced 
back in imagination to a period of which we have no records fit to 
serve as fcnindations : the geologist and the paheobotanist usurp 
.the functions of the poet : 

‘ An<l as imaginatitjn bodies forth 
The forma of thinj^.s unknown, the poet’s pen 
Turns them to HhajMSH, and ijives to airy nothing* 

A local habitation and a name.’ 

The Cambrian, Ordovician, and Silurian Periods. 

The outstanding feature of the Cambrian Period is the abund- 
-•ance of maidne sediments, foi*med both in shallow and in coinpara- 
“tively deep water. The extraordinary wealtli of the Cambrian 
fauna, in contrast to the barrenness of the underlying Areluean 
strata, is illustrated with especial vividness by the remarkable 
collection of marine fossils described by l>r. C. D. Walcott from 
Middle Cambrian rocks in Montana and Britisli Columbia more 
than 6000 feet below the upper limit of the Cambrian System. 
'The animals of the Cambrian seas have been described as ‘ most 
^intensely modern and as ‘ belonging to the same order of nature 
as that which prevails to-day The meagreness of the botanical 
records precludes any general statement as to the nature of the 
marine vegetation. In consideration of the absence of any well- 
•^efined distinction between the plants recorded from the several 
Lower Palaeozoic systems, and in order that time may be allowed 
for the inclusion in this very incomplete sketch of some account 
of the land-vegetation of the Devonian Period, the Cambrian, 
Ordovician, and Silurian Periods will be reviewed together. The 
Ordovician sea trangressed over part of the Cambrian land, and, 
in the clearer waters, beds of limestone, extending as far north as 
Arctic Alaska, were built up, in part at least, of the calcareous 
^skeletons of animals and plants. But the rooks give no clue to 
.the nature of the pioneers of a land-flora. 
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The Sihuian Period was one of quiet sedimentation in seas 
teeming with animal life. With a few exeej^tions Algse are pmc- 
tieallj^ the only plants preserved, hut in some localities fragments 
have been found which may well belong to some of the first 
rei>resentatives of the vegetation of the land. 

During the vast cycles of time rej^resented by the Lower 
Palaeozoic systems, to borrow the words of Sir Areliibald Geikie, 
^ generations of sea-creatiu’es came and went in long procession, 
leaving their relies amidst the ooze of the bottom At last, it 
would seem that we have vestiges of plants which grew above 
the tides. One is tempted to regard these imperfectly-preserved 
fragments with the same kind of feeling as that which is evoked 
by the first flush of light at the end of a long, dark night. But, 
before passing on to consider the oldest records of a terrestrial 
vegetation, I propose briefly to consider a few of the genera of 
Pre-Devonian fossils usually included in the i>lant-kingdom. 

The frequent association of microscopical tubules with oolitic 
structure in rocks ranging in age from the Cambrian to the 
•Cretaceous Period is a well-established fact. In his Presidential 
Addi'ess to the Geological Section of the British Association in 
1913, Prof. E. J. Garwood gave an admirable summary of the 
available data. The unseptate tubes have been compared with 
the sheaths surrounding some recent species of the widely-spread 
blue-green algse, but August Pothpletz preferred to regard them 
;as cells of a somewhat higher alga allied to the Codiacese. We are 
still unable to say what Qirvanella is ; it may be an alga : it is 
conceivably similar in nature to the sheaths surrounding existing 
thread-like bacteria. Whether it deserves all the credit that it 
has received as a rock-builder is doubtful: its association with 
oolitic grains may be secondary, not primary. The 'genus is 
recorded from Cambrian rocks of China, Australia, Sardinia, and 
America; from the Ordovician of the Old and New World, the 
Silurian of Europe and Australia ; it occurs in abundance in 
Carboniferous limestones as also in Jurassic rocks, and has recently 
been discovered in the Albian Series of Angola. Whatever its 
true nature, G-imanella represents a persistent type. 

The genus JE^piphyton, originally described by J. G. Bomemann 
from Cambrian rocks in Sardinia, has been discovered in Siberia and, 
more recently, by Dr. W. T. Gordon in a boulder dredged from the 
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floor of the Weddell Sea in lat. 62° 10' S. and believed to be oF 
Cambrian age. The same generic type was discovered by Sir T, W. 
Edgeworth David and R. Priestley associated with Arcliceocyatlms 
on the Eeardiuore Glacier moraines. is, in all proba- 

bility, an alga comparable in its unseptate branched tubules to the 
genus SpliceroeotUnm, which mnges from Silurian to Triassic times •, 
but its precise position cannot be determined. In Solenopora ^ 
first described from Ordovician beds in Esthonia, we have the most 
satisfactory representative among tlie older algfo of a true calca- 
reous t 3 q>e. Although no undoubted reiu’oductive cells have been 
found, the structure of the 2 >lunt-bod\', as Dr. A. Brown lirst demon- 
strated, agrees cdosel}^ with that of the recent genus Litliotliamnion. 
Detailed descri])tions have been i^ublished ly* Prof. Garwood and 
other authors : I will coniine my’self to a brief reference to its 
range in time and its possible relationship) to more modern forms. 
As one of the oldest fossil }>lants exhibiting internal cellular 
structum, in contrast to Grypiozoon and the snp>jjased algae 
described by Dr. Walcott from Up> 2 )er Arclnean rocks in which 
there is no direct evidence of any organic construction, Bolenopora 
is of esp)ecial interest. The genus LithofJiamnion, a member of 
the Red Calcareous Algae, with which Solenojujra is believed to he 
closely allied, flourishes both in the tropucs and in the Polar 
regions. It is noteworthy that Solenoj)oru was widesp)i*ead in Lower 
Palaeozoic seas, and lived also in the Jurassic Period; while Litlio- 
thavinion is met with in the more recent Ci’ctaceous and Tertiary 
strata. We have here one of many examples furnished hy the 
palseobotanical record of the p^ersistence of a certain typ^e of organi- 
zation through a long succession of geological ages. Persistence 
of type, and from time to time the apparently sudden influx of new 
types, rather than a steady progressive development, ax'e among 
the outstanding features of the history of plant-evolution. 

The genus WematcpTiyGus^ though perhaps better known as a 
Devonian plant, occurs also in Silurian rocks; JST, hieJeu Daw- 
son was discovered in the Denbighshire Grits, and iVl storriei 
Barber in the Wenlock Limestone. Originally named by Dawson 
^PrototaociteB, the Canadian Devonian species was described by 
W. Oarruthers as a * colossal seaweed’ under the name Nemato- 
pJiycus, for which Dawson substituted 2SFematdphyton* The 
type-species AT. loyani Dawson, from the Devonian of Gasp^, 
is represented by long pieces of stem between 2 and 8 feet in 
diameter ; but, as a rule, the specimens are much smaller. 
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Loosely an’aiiged and usually unseptate tubes, following a slightly 
tortuous vertical course, associated with smaller and branched 
tubular elements, make up the tissues of the stem: no certain 
information is available'as to the nature of the reproductive organs. 
Silm'ian and Devonian species agree in essentials. 2^emafo^lii/cus 
is generally regarded as an alga ; anatomically it bears a close 
resemblance to recent members of the Siphone®, while in some 
respects it recalls the larger brown seaweeds. The association with 
the problematical genus JE^achi/flieca both in Canada and in Europe, 
in Silurian as in Devonian rocks, may be signiticant. With the 
confidence which his treatment of controversial subjects usually 
exhibits. Dr. A. H. Church declines to accept IsTemaiophifcus as 
an alga, and assigns it to the Fungi. The point that he makes is in- 
teresting: a plant such as an alga, which by the aid of chlorophyll 
and snnlight manufactures its own food, is provided with a super- 
ficial tissue of short cells, or of cells elongated at right-angles to the 
source of light. No such tissue had been found in ^einafopln/cus 
when Dr. Church published his view. In 1921 Dr. B,. Kidston 
and Prof. W. H. Lang, in the fourth of their epoch-making 
memoirs on the Devonian plants of Rhynie, described a new species, 
I^ematophycus taiti^ founded on a very small petrifie^ fragment : 
a second fragment was described, which, in addition to some vertical 
tubes, showed a patch of peripheral tissue consisting of tubular 
elements elongated at right-angles to the surface, a feature de- 
manded by Dr. Church if the genus is to he included in the algee. 
Through the kindness of my friend Dr. Kidston, I was able to ex- 
amine the Rhynie material ; and, while it would be presumptuous 
on my part, after a short inspection of the sections, to question the 
accuracy of the identification given by the authors of the new 
species, I cannot refrain from wondering whether the fragments 
do not agi’ee more closely with the type of structure represented by 
the genus J?achytTieca^ a genus which indeed may be incorrectly 
separated from NeniatopTiycus, Dntil additional and larger speci- 
mens are discovered, it is hardly possible, either whole-heartedly 
to accept the conclusions of Kidston & Lang, or definitely to doubt 
their accuracy. If the Rhynie plant is Nemaiophyctts, its discovery 
supports the old view of Dawson that it grew on land : it occurs 
in association with the flora of a Devonian marsh. After discussing 
this point, Kidston & Lang conclude that ‘whatever its systematic 
affinities may prove to be% JS^ematop7iymsm2cyhsuYe been ‘a marsh- 
or land-plant of Silurian and Devonian times One is tempted to 

TOD, DXXIX. f 



Ixxxii PROCEEDINGS OF THE GEOLOGICAL SOCTETr. [vol. Ixxix, 

ask, may it, perhaps, have originally lived in the sea, surviving the 
ordeal of translation to a land-habitat without any substantial 
modilication of its anatomical features ? 

It would lead us too deeply into botanical technicalities to 
include in a general summary an adequate review of the older fossil 
records of that family of Alg£e known as the Siphonese Verticil latte, 
green seaweeds wliich exist in the warmer seas to-day, and are 
recorded as fossils from Silurian strata u]:»wards. The family, with 
especial reference to the extinct types, has recently received a com- 
prelieiisive and able treatment at the hands of Dr. Julius Pia, of 
Vienna. This author sj^eaks of the Siphonete Vertieillatte as a very 
homogeneous and natural assemblage of Algte, producing in the 
course of their long history successive series of new foi-ms, per- 
sistent in the retention of family characters, but rapidly changing 
in the manifold expression of these characters. Paheobotanical 
research brings to light many examples of fluctuations within the 
range of a genus or a family ; but it fails, I venture to think, to 
demonstrate lateral connexions between families, classes, and 
groups. Genealogical trees of the comprehensive type have had 
their day;* single lines of development are clearly discerned, 
stretching, it may be, to almost infinitely remote ages. Our failure 
to discover, either the meeting-places of these lines, or connexions 
between them, may be consistent with the course of evolution, and 
not merely a consequence of the imperfection of the geological 
record. 

In 1869 H. A, Nicholson described some obscure fossils from 
'the Skiddaw Slates as vegetable impressions : two of them, refen*ed 
to Hall’s genus Buthotrephu, -were believed to indicate land-]>lants. 
Dawson substituted generic name Brotannularia in his 
account of simOar fossils from the Devonian of Canada. In both 
the English and the Canadian specimens the i*adially-dis|X)sed 
carbonaceous markings on the rock bear a superficial resem- 
blance to the leaf-whorls of the well-known genus Annularia, 
The late Dr. E. A. NT. Arber, while fully admitting the doubtful 
character of the evidence, expressed the opinion that ‘ it is quite 
possible that Brotannularia radiata may be the oldest, in a geo- 
logical sense, British land-plant An examination of Nicholson’s 
type-specimens in the Sedgwick Museum convinces me that any 
satisfactory determination of their afiinity is impossible. 
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Among tlie wonderful relies of the rich invertebrate fauna in 
the Burgess Shale (of Middle Cambrian age) in British Columbia, 
Dr. Walcott found several specimens which he believes to be the 
remains of algje entombed in the mud of a lagoon or small bay in 
close connexion with the shallow Cambrian sea. Miny of th 
fossils are preserved as shiny black films on the hard shale, and 
in thin sections of the matrix minute cell-like bodies were seen in 
chains and groups. Most of the forms described are assigned to 
the C3’^anoj)hycese or Blue-Grreen Algse, while others are considered 
to be members of the Bed Algae. The delicate, branched, fila- 
mentous form named AEcirpolia spism, admirably shown on two 
pieces of shale presented to the Sedgwick Museum by Dr. Walcott, 
does undoubtedly, as he saj^s, bear a striking superficial resemblance 
to the recent genus Qladophoj^a, By the employment of a veiy 
useful method, which will be described elsewhere, my son-in-law 
(Mr. J. Walton) was able to examine tbe surface of a piece of the 
Burgess Shale under the high power of a microscope. He found 
that the filaments consist of semi-ti*ansparent sheaths occasionally 
broken by transverse cracks into portions which are too irregular 
in size to be structural ; the sheaths show a longitudinal striation 
due to the presence of one or more narrow, opaque bands. He is 
inclined to interpret the black threads as filaments of some lowly 
organized plant similar to the existing OsGillatories or other Blue- 
Grreen Algse enclosed in a mucilaginous sheath. Another piece of 
shale shows an impression of a species of the common Burgess- 
Shale genus ]i£orania represented by impressions of membranous 
sheets with irregularly scattered perforations ; and, as the author 
of the genus suggests, very similar in texture and general appear- 
ance to species of the recent genus N^osfoc, Chains of small, 
spherical bodies seen in thin sections of the rock on which Morania 
con^iiens is ]Di’eserved are tentatively regarded by Dr. Walcott as 
remains of the cellular structure of the alga. The evidence is not 
convincing; but, as Walcott says, it is difficult to conceive of 
the curved lines of minute halls as inorganic in origin. The 
Blue- Green Algie are among the most primitive of living plants, 
and they live under very diverse conditions, on land, in fresh 
water, in the sea ; they can adapt themselves to higher tempera- 
tures than those that are tolerated by the great majority of plants. 
I I'ecall a striking scene between Horthern Australia and Java : 
broad lines of cinnamon-brown, stretching as far as the eye 
^ould see, on the blue surface of tbe Pacific, consisting of floating 
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millions of! a blue-green alga — Triclioclesmhm. It is in the 
highest degree probable that similar algte were among the earlier 
inhabitants of the Pala3ozoic oceans. 

Several authors Iiave expressed the opinion that the Blue-Green 
Algin existed in early Paheozoie times. Tlie attributes of present 
members of the group encourage the expectation of discovering 
fossil represen ttitives among the oldest geological records, and such 
evidence as Da\ Walcott has furnished, although admittedly not 
conclusive, lends support to infci’ences based solely on the 
characters of living plants. Definite evidence has been suj)plied 
by Prof. M. D. Zalessky, who found in an Ordovician deposit in 
Central Esthonia known as Kuckersite (from the localit}’' Kuckers) 
numerous small aggregates of minute cells with mucilaginous 
walls, which he compared with colonies of the recent blue-green 
alga Gloeocapsa, and named GloeooapBa priscr/, I am indebted to 
Ml*. John Walton for prepamtions of these bodies, from a sample 
of Kuokei'site generously sent to me by Prof. Zalessky. A Swiss 
investigator, Dr. H. A. R. Lindenbein, prefers to regard the 
Ordovician species as a member of a family for which he suggests 
the designation Protophycese, cliaracterized by a combination 
of certain features now shai*ed by the Blue-Green and lied Algie. 
The material which I have examined leads me to think that there 
is no adequate reason for doubting the con*ectness of Zalessky’s 
conclusion. 

Beneath the waters of some recent lakes there is accumulating 
a slimy matexial formed of the partly decomposed remains of 
small animals and plants of the plankton population. To this 
material, which contains many spoi'es protected by their resistant 
membranes, Dr. H. Potoni^ gave the name sapropel. Certain 
eai'bonaoeous beds such as boghead, torbanite, and others occurring 
at various geological horizons are believed to be fossil sapropel s : 
these contain flattened sac-like bodies described by authors as Ptla 
and MheimcMa, and referred to the Algse, but by Prof. E. 0. 
J efBrey identifled as spores of Vascular Cryptogams. Although 
there is a superfleial resemblance between the Kuckersite organisms 
and !Pila and MTieinschiat the former are clearly not sacs like the 
bodies included in the last-named genera, but irregularly branched 
cell-aggregates : if not Blue-Green Algse, they are, I believe, at 
least closely allied plants, which lived in stagnant lacustrine 
water during the Ordovician Period, 
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The Earliest Land-Plants. 

We will pass now to consider some of the eaidiest exami^les of 
fossil plants that may reasonably he regarded as the remains of a 
terrestrial vegetation. Eef ei’ence has already been made to ceitain 
obscure impressions described by E’icliolson from the Skiddaw 
Slates, which, although too imperfect to determine with any degree 
of confidence, may, as Arber suggested, be the oldest-known relics 
of a land flora. The records from Silurian rocks are very meagre ; 
but, meagre as they are, they give some 'weight to the suspicion 
that precursors of some of the succeeding Devonian types had 
already established themselves on the land. In the British 
Museum (Natural History) there are a few sj^ecimens of small 
dichotomously branched axes, with cro'vvded, spimlly disposed 
appendages, from the Lower Ludlow Beds of Staffordshire, which 
bear a close resemblance to a fossil described by T. G. Halle from 
rocks of the same age in the island of Gothland. The precise 
nature of the appendages is not clear: those of the English 
specimens were probably not true leaves, but slender branches. 
Halle, in naming the Gothland species JE^silojphyfon (f) hedei, 
tentatively connects it with a genus which is characteristic of 
older Devonian floras, and was said by Dawson to occur also in 
Tipper Silurian strata in Canada. While it is impossible to 
establish a definite relationship between Silurian fi-agments and 
the Devonian land-plant JPsilajpTiytan^ they certainly suggest a 
possible alliance* 

The small discs known as IParha decipiens, though most abun- 
dant in Lower Old Eed Sandstone rocks in Scotland, may be 
briefly considered here, as they are recorded also from Upper 
Silurian localities in England. We are indebted to the late 
Mr. Archibald Don and to Dr. G. Hickling for the most complete 
account of this problematical genus. The discs consist of spherical 
masses of spores enclosed in thin tissue bounded above and below 
by a covering layer of cells. In a note published in 1921 
Mr. W. N. Edwards described two specimens in the British Museum 
which, he believes, afford some evidence of the attachment of the 
discs to a stalk : the evidence, though not convincing, is in agree- 
ment with an opinion expressed in 1898 that JParJca was originally 
attached to a supporting axis. The systematic position of the 
genus has not been definitely determined: Don & Hickling 
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considered it to be a Thallophyte with algal affinities ; but the 
fact that the spores Avere provided with a j)rotective cuticle, and 
were thei’efore adapted to dispersal by wind, is in favour of 
Dr. Hickling's suggestion that JParJea may be the spore-bearing* 
phase of a plant which grow on lacustrine mud exposed to the air. 
It may be compai*ed with some existing liverworts, such as Hicciu. 
Whether in this Lowei* Devonian genus we have a complete 
organism or the spore-bearing portion of some unknown plant, it 
is of groat interest as one of the oldest-known plants that has 
revealed its minute structure. It existed during the latter part 
of the Silurian Period, and Hourished in the <iariy part of the 
Devonian : its first a]>pearancc euincided, so far as we know, with 
the earliest stage of the invasion of the land hy aquatic plants. 
The spores of JBarha may well have been aimjiig the first of 
countless millions of wind-home plant-dust which has strewn the 
earth’s surface since the aiTival of terrestrial vegetation. Al- 
though in the grosser features spores of vmy dilferent races of 
plants are amazingly alike, their living [)rotoplasm was endowed, 
in the course of geological history, with ever-changing and widety 
divergent potentialities. 


Devonian Floras. 

The Devonian Period demands especial attention, as it intro- 
duces us to something more than mere doubtful fragnuents of 
teirestrial plants. It is not only the external features of some 
Devonian fossils that lead us to identify them as dwcllern on huul ; 
but, in one favoured locality, the wonderful perfection of ])reserva- 
tion makes it possible to correlate anatomical characters with the 
actual conditions governing the life of the plants. 

In some regions of the world the piling-up of marine sediments 
which characterized the earlier Palaeozoic Eras was continued in 
ortoly sequence into the Devonian Period. In the western, 
southern, and central parts of what is now the continent of Europe 
limestones and other strata rich in marine fossils indicate the 
presence of a Devonian ocean. It is the records of another phase 
of Devonian history that claim our attention. Before the close of 
the Silurian Period movements of the Earth’s crust were in- 
augurated which gradually increased in intensity, and in the earlier 
part of the Devonian Period culminated in the replacement of 
wide stretches of the Silurian sea by mouni^.in-ranges. The 
Caledonian chain connected hj a series of lofty summits the 
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Highlands o£ Scotland with the Scandinavian peninsula, and con- 
tinued across the north o£ Greenland to the arctic lands of North 
America. The uplifting o£ previously submerged portions of the 
earth’s crust was the first stage in the change from marine to 
continental conditions ; it is not unreasonable to offer the oinnion 
that it was on these upraised sea-floors that the successful migi*ants 
from the ocean entered upon the task of colonizing the land. 

The records of Devonian vegetation are often in the form of 
impressions preserved in sediments deposited some distance from 
the place where the plants grew. In some localities the presence of 
roots penetrating the, rocks, or the occurrence of stumps of trees 
with their slender root-like appendages still radiating through the 
soil, indicates the preservation of vegetation in its original position. 

The Essay on Devonian Floras, published after his death, was 
one of the last of Ai'ber’s contributions to the science to which he 
devoted himself with unflagging zeal and with admirable singleness 
of purpose. His view was that the older Devonian plants, on the 
whole, are relics of an extinct group of Thallophyta, exhibiting in 
their morphological features indications of a transition to the 
Vascular Cryptogams. ‘Whether one agrees or not with the main 
contention developed in Arber’s treatise — and I cannot but think 
that, if the author had lived to read the later papers by Kidston & 
Lang on the Rhynie plants, he would have modified some of the 
views that he had propounded — one recognizes that it is an able 
and stimulating addition to palseohotanical speculation, and, in- 
cidentally, a very useful compendium of facts. It must, however, 
be said that the section of the work dealing with the geological 
age of the Scottish plants needs considerable revision and 
correction. 

In a paper published in 1889 on some Devonian plants from 
Ohio, J- S. Newberry said ; 

‘ While they have given ns fascinating glimpses of the head of the colnmn of 
terrestrial vegetation that has marched across the Earth’s stage during the 
different geological ages, they have given us little insight into the spirit of 
the movement.’ 

Since this was written many additional facts have been recorded, 
the remains of older Devonian floras then unknown have been 
described, and the discovery of the Rhynie chert-bed has enabled 
us, not only to acquire an exact anatomical knowledge of certain 
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Middle Devonian plants, "but almost to see them growing as a 
green carpet slowly spreading over the waters of a marsh-encircled 
lake. The information thus gained can, in some measure at least, 
he used as an aid in the interpretation of specimens from other 
localities pi’cserved as imx>ressions, and in themselves aifording 
little evidence of their true nature. 

Newberry’s words stimulate the imagination : the realization of 
the * sj>irit of the movement ’ would give us the clue to the 
mystery of evolution. This is not an aj)propriate occasion for a 
lengthy excursus into the realms of sj^eculative botaaiy ; but a few 
general questions may he briefly considered. What conclusions 
can be drawn, from a general review of the paljuohotanical records 
furnished by Devonian rocks thi'oughout the woidd, as regards (1) 
the measure of the pi'ogress of evolution afforded by a comx)arison 
of the floras which flourished at diferent stages of the Devonian 
period; (2) the geographical distribution of plants during the 
Devonian Period; and (8) the origin of terrestrial vegetation, and 
the history of the evolution of the different classes of land-plants ? 

In 1916 Dr- T. G. Halle expressed the opinion that there is a 
far greater diflcerence between tbe Lower Devonian flora of BOragen 
in Norway and those of Upper Devonian age, than between the 
latter and the Lower Carboniferous. Arber wrote : 

^ It is now olear that in Devonian times two terrestrial floras, quite distinct 
as regards affinity, existed, one in the earlier part, and one in the latter 
portion of the Devonian Period/ 

The former he named the ^Bilojpkyton Flora, and the latter the 
Arehmofteris Flora, The majority of Lower Devonian i)lants are 
£fom the Gasp€ Peninsula, Norway, and Scotland; a few are 
S*eoorded &om Belgium, the North of France, the Buland Arclii- 
pelago oft the western coast of Norway, the Falkland Islands, and 
one species from China, Middle Devonian plants have been 
described from Canada, a few Idealities in the Eastern United 
States, Scotland, Western Norway, Bohemia, and Germany, 
While some genera are confined to one or other of these two 
groups of Devonian floras, there is a general similarity of facies in 
the older Devonian vegetation as a whole. On the other hand, the 
Upper Devonian floras are not only much richer, but of a different 
type. One of the richest and best-known later Devonian floras is 
that of Bear Island within the Arctic Circle. Beference is made 
later to' other floras of this geological age. In more than one 
region the line between Upper Devonian and Lower Carboniferous 
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is very difficult to draw, both in the N^orthern and in the Southern 
Hemisphere. 

The discovery by Dr. W. Maekie, a few years ago, of a bed of 
chert in Aberdeenshire, almost certainly of Middle Devonian age, 
may be compared in importance and in its efect upon the imagi- 
nation with the more recent discovery of the burial- chambers of 
Tutankhamen in the Valley of the Kings. Subsequent ex])osure 
of the Rhynie deposit by the Greological Survey, and the admirable 
botanical work of Kidston Dang enable us to reconstruct a 
Devonian peat-bog ; to see the sunlight on the pools of a swamp 
covered with diminutive gi*een forests, some plants fullj^ exposed 
to the air, others partly submerged, streams caiTying in solution 
silica furnished by neighbouring fumaroles which was to seal up 
for us ^after-thoughts of creation,’ samples of a peat-forming 
vegetation and of a microscopic flora of saprophytic fungi, 
bacteria, and Blue-Green Algae strangely similar in the plan of 
their construction to recent foims, yet in certain features bearing 
the impress of an early phase of evolution. ‘ The key of the 23ast, 
as of the future, is to he sought in the present ’ : these words of 
Huxley find an illustration in the interjpretation of the anatomy 
of fossil plants. The extent of our ability to correlate the 
structural details of the fi-amework of a living plant, and the 
activities of which they are the expression, is a measui’e of 
accuracy by which we can endow with life the petrified stems from 
* the dark backward and abysm of time ’ and visualize the plants as 
machines at work. 

The Rhynie jDlants, although not the oldest-known reju'esenta- 
tives of Devonian vegetation, will be considered first, because our 
knowledge of them is relatively complete. Excellent summaries 
of the researches of Kidston & Lang by Dr. D. H. Scott (* Studies 
in Fossil Botany ’ 3rd ed. 1920), Prof. F. O. Bower (' Kature ’ 
July 29th, 1920), and other authors render it unnecessary for me 
to do more than call attention to the salient features of this 
Devonian flora, a flora, be it remembered, which is characteristic 
of a special physical environment: there may have been other 
contemporary plant-associations, with very different habitats. The 
three genei'a of vascular plants discovered in the Rhynie chert are 
Mhy nitty JBCornea, and Asterocoylon, MJiyniay represented by two 
species, was a leafless and rootless plant reaching a height of about 
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8 inches; from a creeping rhizome were given o:E slender cylin- 
drieul green shoots superficially similar to the leaves of the recent 
pill wort, ]>ut differing in their occasional, regular dichotomy and in 
the small cylindrical sporangia at the tips of some of the ultimate 
hranchlots. The spores were adax>ted to dispersal on land. In the 
creeping stem and the aerial branches was an axial strand of con- 
ducting tissue. Simple liairs on the rhizome absorbed material 
from the peaty soil, and sparsely-scattered stomata on the green 
erect stems regulated the gaseous exchange between the plant and 
the surrounding air. 

Ilopnea, although rather smaller, resembled Mliynia in habit ; 
but its subterranean stem was a tumid, iiTegularl3^-lobed organ, 
and the terminal sporangia closely’ resembled the capsules of recent 
species t>f sphagnum (the b(»g-moss), the spores being confined to 
a region between the wall and a central column of sterile tissue. 

Asterojcylon was distinguished from the other two genera by 
the presence of crowded scale-like leaves on the aerial shoots, a 
slightly more elaborate conducting stmnd, and by other character’s, 
Asteroccylon was clearly a land-plant ; like^ JRhynia it had stomata, 
whereas the apparent absence of stomata in Ilornea may mean 
that it was more aquatic than terrestrial. Associated with the 
stems of Aateroxylon were leafless axes and with them detached 
sporangia : there is good reason to believe that the leafless forked 
branchlets were originally prolongations of the leafy aerial stems, 
and that they bore the spoi’angia. 

These genera raise many interesting botanical problems ; but 
I will confine myself to a brief consideration of the probable 
position of the Hhynie plants in relation to existing types and to 
other Devonian fossils. The three genera are included by Kidston 
and Lang in a group — Fsilophy tales, so named from the genus 
!Psilophytonf described long ago from the Devonian of Canada and 
recorded from several other regions. In the recent genus Psilotum, 
a widespread Southern Hemisphere member of the group to which 
our Club Mosses (species of Lycopodium) belong, we have a rootless 
and practically leafless plant similar in general habit to Mhynm 
and JSornea, but differing in the structure of the sporangia and in 
their relation to the rest of the plant-body, as also in some other 
-features. In its leafy shoots, and in the structure of the con- 
ducting tissue, Asieroxylon presents a closer resemblance to some 
species of Lycopodium ; but its sporangia are more fern-like. 


Before giving further thought to the Bhymie plants, we will 
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pass rapidly in review tlie data gatliered from diffei’ent j^arts of 
the world that are available as a basis on which to reconstruct 
the older Devonian vegetation. 

]M!any Devonian plants have been obtained from different 
localities between Ohio and the Gaspe peninsula on the south side 
of the St. Lawrence. During a part of the Devonian Period there 
Avas probably an open passage from G-aspe to the south-west through 
the State of !New York and the Southern Appalachians, and in this 
were deposited sand and mud containing the remains of the vege- 
tation from the marshes and higher ground. oVIany of the plants 
found at Gaspe occur on the original soils, and beds of rock are 
full of their rhizomes. The lower strata at Gaspe contain marine 
fossils indicating a Lower Devonian age, and with them occur a 
few drifted plants. Above these are thousands of feet of fresh- 
water sediments rich in j)lants belonging both to Middle and 
to LoAver Devonian floras. It is interesting to find that the 
manner of oecurrence of some of the Gaspe fossils indicates the 
former existence of peat-beds with rhizomes still in place, precisely 
as at Ilhynie in Aberdeenshire. 

In view of the marked difference between older DeA^onian floras 
and those of the Upper Devonian age, it is conA^enient to consider 
first the palaeobotanical data obtained from Lower and Middle 
Devonian rocks. My remarks will he confined to fcAv localities 
and to some of the more interesting and better-known plants. In 
1913, Prof. y. M. Goldschmidt discovered plant-bearing beds in a 
series of barren sedimentary strata, at Lake Koragen in Xorway, 
near the Swedish frontier. In 1916, Dr. T. G. Halle xjublished a 
full description of the flora, supplementary to a preliminary account 
previously given by A. G. Nathorst. The plant-beds were probably 
deposited in a freshwater basin on the Caledonian mountains. 
A fcAV plant-remains, probably of Lower DeAmnian age, have also 
been found on the Island of Sovvseret in the Buland Archipelago 
off the western coast of Xorway. Belies of a Middle Devonian 
flora were described by Xathorst in 1915 from Western Xorway, 
near Xordf jord. 

The two richest regions in Europe are Scotland and Bohemia : 
in the former region much material has been collected from 
Lower and Middle Devonian strata at widely separated localities, 
and several plants have been described from Bohemian rocks eon- 
tainining marine Middle Devonian fossils. Other older Devonian 
localities ai’e mentioned later. 
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Having given some account of the Khynie plants, I will now 
consider the older Devonian lloras as a whole. 

Many fossils fi’om Scotland and other regions have heen errone- 
ously assigned to JE*silop7n/ton : though a characteristic genus, it 
is less common than is usually supposed. The generic name has 
done duty for a variety of plant-fragments, with the result that the 
importance of Sir William Dawson’s account of the type-species 
has not received its full share of credit. Psllophi/ton 
Dawson, if I may cite the best-defined species, agrees very closely 
with UJn/iiiu in habit and in its grosser anatomical features : fi*om 
a horizontal rhizome were given off erect, dichotomously-branched 
shoots Ixiaring sporangia at the tips of some of the ultiniate branch- 
lets. Short spinous appendages, less regularlj^ disposed than 
ordinai'y leaves, characterize the erect branches : the spines have 
been compared with the smaller hemispherical swellings of Hhynia 
gwynne-mugJiani^ and some authors regard them as simple forms 
of leaves, A preparation of a piece of a Canadian specimen of 
JPsilophyton made by Mr. J*. Walton, who recently developed a 
method of separating the plant-substance from the surrounding 
matrix, shows very clearly several apparently rigid spines standing 
erect from the stem and suggesting emergences rather than leaves. 
Arber believed J^silophyton and Hhynin to bo gcnerically iden- 
tical. The two undoubtedly are closely allied, as Kidston & Lang 
have stated ; but, for the present at least, the retention of both 
names is advisable. Mr. W. H. Edwards has succeeded in ob- 
taining a prepai-ation of the carbonized film of a piece of Ps/Zo- 
phyton which shows epidermal cells and stomata apparently 
identical with those of MJtynia. JPsilophyton occurs in the older 
Devonian rocks of Norway, Scotland, Canada, and the North of 
France : it is essentially characteristic of the Lower and Middle 
Devonian floras j but, as Dawson believed and Dr, Halle has re- 
cently shown, it probably existed in Upper Silurian times. T’he 
genus has also been recorded from Upper Devonian rocks, both in 
Fiance and in North America, but the evidence is not convincing. 

It is not luy purpose to deal with individual genera in detail ; 
but reference may be made to a form of ^nlophyton described by 
Dr. Halle from the Lower Devonian of Norway as JPsilophyton 
goldschmidti. This species, in other respects apparently identical 
with jPsilopliyton princeps Dawson, is ohamotermd by the re- 
peatedly bifurcate lateral branches. One of the problems with 
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wliicli the botanist is concerned is the origin of the two phyla of 
plants, which may he styled the Iiyeoj)od j)hylum and the Fern 
phylum. The Lycopods are essentially microjphylious, while the 
Ferns are megaphyllous. The Upper Devonian floras contain 
many plants with large fern-like fronds, and among the older 
Devonian jDlants we And examples of branched axes which suggest 
comparison with the plan of construction of a large fern-leaf, 
except in the absence of leaflets. The question is, "were the Ferns 
and Dyco25ods both the offspring of a common ancestor, or do they 
re]3Fesent separate lines of evolution ? Dr. Halle suggests that 
the views of 0. Lignier may be considered to derive some support 
fi'om certain old Devonian types. It may be, as Lignier believed, 
that the small Lycopod leaf arose as a mere emergence such as we 
see foreshadowed in JPsilo^hyfo7t, and retained in the living 
JPsilotum ; while the compound Fern-frond traces its evolution to 
a modified branch-system on which numerous flat leaflets were 
subsequently developed. The combination in JPsilophi/ton gold- 
sclimidti of the spinous appendages on the main stem and the 
bifurcate spineless branches may be regarded as symptomatic of a 
common origin of the microphyllous and megaphyllous form of 
foliage. In many living Ferns we see, as Halle points out, a 
similar combination of the small scale-like leaf without chloroi>hyll 
clothing the rhizome, the homologue of the green leaf of JLgco- 
f odium, and the large green frond derived from a system of 
branches of some early precursor, such as the bifurcate lateral 
branches of JPsilojpJtgton goldsohinidti. On the other hand, there 
is a danger of over-estimating the importance of resemblances be- 
tween the form of hi’anching in one plant and that in anothex% 
The line of evolution of Lyeopodiaceous plants is, I think, clearly 
indicated; and we have no adequate reason for assuming any 
meeting-place between the Fern and the Lycopod phyla. Among 
the earlier terrestrial plants parallelism of development may 
safely he postulated : the fronds of Ferns were probably derived 
direct from the thallus of some algal ancestor, unconnected -with 
that which produced the small-leaved Lycopods. 

An extinct plant combining in the sum of its characters mor- 
phological features which no longer occur together in the same 
family or group is usually considered to he, if not a ‘ missing link % 
at least a signpost on the evolutionary road pointing the way to 
some ancestral stock whence were derived descendants 'which 
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gradually lost the impress of a common parentage. A well-known 
example of such a generalized type used to be the so-called Beed- 
b earing Ferns or Pteridosperms, which were a prominent 
feature in the forests of the Coal Period. It was believed that 
the Fern phylum was the source of all Seed-plants. The majority 
of us, in different degrees, shared this belief. Opinion has now 
altered. Dr. D. H. Scott, who formerly supported the old view, 
has changed his mind — men who never change their minds are, as 
William Blake cpiaintly but truthfully expressed it, like stagnant 
water, and ‘ bi'ced rej^tiles of the mind Dr. Scott has recently 
written : — 

‘ The inference from all the facts at present available appears to bo that the 
Seed-plants, of which the Pteridosporma are among’ the earlier representatives, 
constitute an independent phylum, of equal antiquity with auy of the recog- 
nized linos of Vascular Cryptogams.’ 

The Middle Devonian Anferoxylon, its stem-anatomy and habit 
essentially Lycopodiaceous, its sporangia more akin to those of 
Ferns, might also bo quoted as a generalized type suggesting a 
common origin for the two groups ; on the other hand, its Fern- 
like sporangia may merely illustrate a variation from the normal 
Dycopodiaceous pattern, reproducing a tyi)e of construction adopted 
as a permanent possession by the independently evolved Fern 
alliance. Dr. Church, in his Essay on ‘ Thalassiophyta the 
Subaerial Tmnsmigration,’ lays stress on tlie isolation of the 
modern representatives of the great sections of the plant-kingdom, 
and contends that schemes of linkage between the different lines 
of development are wholly fallacious. All the various lines of de- 
velopment of what is now land-flora, he believes, must have been 
‘differentiated in the Benthic epoch of the sea on algal lines)’, 
as all algal lines were differentiated in the Plankton phase. The 
occasional occurrence in one type of plant of features characteristic 
. of diffei'ent groups is, in itself, no adequate reason for assuming 
community of descent. In the earlier, more experimental stage of 
evolution, the plasticity of plants belonging to different lines of 
development would inevitably sometimes find similar expression. 
The potentiality of protoplasm is the determining factor, and it 
would seem more logical to picture the unfolding of the several 
groups of the plant-kingdom as so many distinct processes governed 
by the forces enclosed within the cells of diverse marine proto- 
types, than to assume the wholesale destruction of common 
ancestors demanded by those who prefer to link into one complex 
of infinite I’esource the several sections of the plant- world. 
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The broader spinous stems first described by Sir William Dawson 
from the Lower Devonian of Qaspe as A.rtlirostiffma ^rae/Ie, 
recorded hj Dr. E,. Kidston from beds of similar age in Perthshire, 
and more recently by Dr. T. G-. Halle from the Lower Devonian 
flora of R5ragen and from China, clearly belong to a plant which, 
if not generically identical with JPszloj)}i?/to 2 i, is nearly allied to it. 
A relatively slender vascular axis occui^ied the centre of the stem, 
and on the surface were spine-like leaves or emergences, arranged 
either spirally or in whorls. Occasional lateral branches were given 

at a wide angle, and then bent abruptly ui^wards parallel to the 
main axis, a habit analogous to tliat of some succulent Eupliorbias, 
plants which in some other respects recall the Dev^onian genus. 
Specimens apparently of the same generic type as Artlirostigma 
have been described from the Middle Devonian of Bohemia ; but 
the genus is characteristic of the earliest Devonian floras. 

Reference has already been made to the occurrence in both 
Lower and Middle Devonian beds of diehotomously-branehed 
slender axes similar to those described from Bohemia as species of 
JSostimella. A characteristic feature of these fossils is the oeeur- 
I’ence of a bud-like structure close to the point of bifurcation : it 
has been suggested that this is actuallj' an aborted bud ; and in 
this connexion it may be noted that other slender axes from beds 
of the same age, but with a difEerent disposition of latei-al branches, 
frequently bear more than one branch at the same point on the 
major axis. The type to which I refer resembles some of the 
specimens referred by Hathorst to the genus Aphyllopteris^ and 
similar fossils are included in Zosteropliyllum. These various forms 
of branched axes cannot be assigned with any degree of confi- 
dence to a systematic position: the JELostimella type resembles 
the lateral branch-systems of JBsilopJiyton goldschmidti ; while 
that of the ApTiyllopteris type may be compared with specimens 
from Middle Devonian rocks in Glermany described, on good 
grounds by Solms-Laubach as portions of a large Pern -frond 
without leaflets, and with undoubted fern raches from Upper 
Devonian rooks. 

The comparatively “large branched axis, described by J. W. 
Salter from Devonian beds at Thurso as Gaulopteria peachii^ 
differs from any of the older Devonian Psilophytales, and bears a 
close resemblance to the stems of certain Ferns and to those of 



some Carboniferous Pteridosperms. We know nothing of its 
internal structure, and there are no adequate grounds on which to 
assume a relationship to tlie true Caulopieris of the Coal Measures. 
Dr. Kidston is of opinion that the more slender stems bearing 
curved and (presumably) ])artlj expanded branches clothed with 
(ilxfonii lipixendages, which Dawson named ^siJopliyton iliomsoiii 
and by some authors have been confused with Thiirtiophiftoih 
belong to Salter's Qmilopierts. Sj)(‘cimens described by H. Potonie 
and C. Bernard from the Middle Devonian of Bohemia as Bpiro^ 
pieriii liosiiimensis are, in all probability, geneiucally identical with 
the Fsilopilujfon from Scotland. The main interest of these little 
understood fossils is that their habit is Fern-like : they may he 
early representatives of the Filicinean stock. 

In Iihy7iia, Horiiea^ JBsilop7ii/to7}^ and Artlirosfiqtna we have a 
group of fossils without doubt closely related one to the other; 
but the degree of relationship must he left, for the present, 
undecided. Bhy^iia and ILornea are of Middle Devonian age; 
JBsilop'kyton and Arthrostigmaj though mainly Lower Devonian 
genera, occur also in Middle Devonian rocks. In 1907 Dr. David 
White described a remai’kable fossil ti’ee, from Upper Devonian 
beds near Naples in New York County, which he named Archceo- 
sigillaria primesva : it has more recently been assigned by 
Mr. E. W. Berry, and with good reason, to the genus Frotolepido- 
dendron. The stem, when fimt discovered, was about 1G| feet in 
length, with no branches; although, as Berry indicates in his 
restoration of the Naples tree, it probably branched nearer the 
summit. On some parts of the stem the surface-features recall 
those of some Sigillarias, and in others there is a closer resem- 
blance to certain Lepidodendra ; the lower portion of the ivuiik is 
characterisied by fairly regular and prominent longitudinal ridges, 
and the base is swollen like that of a Koyal Palm. The leaves, 
about 8 cm. in length, are of the Lycopod form. Slender rootlets 
penetrate the soil fi'om the bulbous base of the stem. 

We may next turn to some stumps of trees I'ecently discovered 
in strata (stated by Dr. J. M. Clarke to be of Middle Devonian 
age) near the village of Gilboa, a locality about 200 miles from 
Naples (N.Y.). The complete stems may have reached the length 
of 20 to 30 feet and a diameter of 2 feet. The lower end of the 
stem was continued downwards into a swollen base bearing rootlets. 
Dr. Clarke states that some of the narrow, strap-Hke leaves bore a 
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pair of sporangia, but of their structure we know nothing. I take 
this oppoitunity of thanking him for giving me information about 
the specimens and their geological age. 

It is clear that in some parts of the world there existed 
arborescent liyeopodiaceous plants comparable in some respects to 
the much smaller MJiyniai JBCornea, and JPsilejphyton. We may go 
farther, and express agreement with Dr. Halle’s view that between 
the older Devonian Psilophytales and the widespread Upper 
Devonian Gyclostiyma there is a very close alliance. It is, I 
venture to think, probable that in the swollen bases of the Naples 
and Gilboa trees we have a feature connected by descent with the 
tuberous rhizome of jBLorneay and on the other hand with the 
Stigmarian * roots ’ of Sigillaria and Legidodendron. It is note- 
worthy that anatomically Stigmaria differs from the erect Sigil- 
larian or Lepidodendroid stems in the absence of the characteristic 
cylinder or solid strand of primary vascular tissue: may this 
difference be interpreted as a consequence of the developmental 
history of Stigmaria ? The tuberous rhizome of Sornea has no 
vascular supply of its own : when it increased in size, and a vascular 
system became essential, the need may have been met by the 
production of a cylinder mainly composed of secondary conducting 
tissue. 

Many remains of Lepidodendroid plants have been recorded from 
the Southern Hemisphere. In the Falkland Islands Dr. Halle, 
and subsequently Dr. H. A. Baker, found fragments of stems, 
superficially at least very similar to some specimens of ArfJirostigma 
from Norway and of JProtolepidodendron from Bohemia, as also 
to the later Cyclostigmas : the beds are probably either Lower or 
Middle Devonian. Many examples of Lepidodendroid remains 
have been described from the Witteberg Series of South Africa, and 
recently M. F. F. Mathieu generously sent to me similar specimens 
from the Belgian Congo. Others have been recorded from Upper 
Devonian and Lower Carboniferous rocks in Australia. The con- 
clusion is that, during the Devonian Period, the Lycopod phylum 
was in vigorous development, and its representatives were 
geographically widespread. In the size of the individuals, and in 
the range of form and structure, this phylum reached its maximum 
during the latter part of the Carboniferous Period. 

Beference may he made here to a characteristic Middle Devonian 
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plant named by Nathorst Tlmrsoi^liyto^i^ and often confused mth 
JPsiloj>liyton. Tlmrsophyton is the plant called by J. W. Salter 
Lyco^oilites mlllerif and by W. Carruthers JPsilophyton declieni- 
miiini ; it is, as Kidston & Lang have stated, almost cei’tainly 
identical with Asteroccylon from Aberdeenshire. In Thiirsopliyton 
the distinguishing feature is the possession of imbricate scale-like 
leaves, in ]Dlaee of the spinous appendages of JE^silophyfon : it is 
another of the earlier Lycopodiaceous genera. 

Several years ago some casts of longitudinally-ribbed stems were 
described, from Lower Devonian rocks in the Shetland Islands, as 
possible allies of the genus Calamites. The largest specimen that 
I have seen is one in the Edinburgh Museum, 48 cm. long and 
13 cm. in diameter. Similar ribbed stems have been found at both 
Lower and Middle Devonian localities on the mainland of Scotland, 
and they are often spoken of as the ‘ Corduroy Plant.’ It is 
possible that these casts may belong to plants similar to the large 
J^rotolepidodendra from [Naples and Gilboa : a regular ribbing 
characterizes the lower parts of those stems, aiwl on some specimens 
of Gyelostiyma from the Uppor Devonian of Ireland and Bear 
Island precisely similar ribs are not infrequent. 

There are many other plant-i’emains from Middle Devonian 
floras, especially from Bohemia, which cannot be dealt with in a 
general survey; but a comparison of the illustrations given by 
Potoni^ & Bernard with specimens from the older Devonian rocks 
of Scotland convinces me that there is a strong likeness between 
the two floras. Prom Western Norway. Nathorst has described 
two new genera, JBmyyeria and JBEyema ; the former, represented 
by branched axes bearing relatively long terminal clusters of 
spomngia, may he a forerunner of the Upper Devonian type illus- 
trated by such a genus as Areh^Bopteris. JBEyenia^ as N^athorst 
suggests, would seem to be related to the Sphenophyllales. 

The older Devonian floras are, in the first place, characterized by 
the relative abundance of members of the Lycopod phylum : some 
leafless and I'ootless like JEthynia and JSornea ; some, like Astero- 
dsylon and the impressions represented by Thuraophyton, with 

crowded scale-like leaves ; othex's in which spine-like appendages 

as in I^silophyton and ArtTirostiyma — took the place of normal 
leaves; and some ax’borescent forms having leaves and leaf -seal’s 
more akin to those of the later Lepidodendra and a swollen rootlet- 
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bearing base to tbeii’ steins. With these were plants of which we 
have less knowledge, foreshadowing in the plan of their branching 
the ferns of a later age, but for the most part characterized by the 
absence of foliar appendages provided with a flat lamina. Stems 
of ferns Avith the vascular tissue preserved are known from the 
Upper Devonian of Canada and Australia ; bmnched axes identical, 
except in the absence of leaflets, with the fronds of typical ferns 
are recorded from Middle Devonian horizons ; but from the older 
Devonian localities very few examples have been discovered of 
organs with a flat lamina. Specimens described by IKTathorst from 
Middle Devonian rocks in Western Norway as I^sygmopJujlhim 
Jcolderupi show wedge-shaped laminae, attached to slender blanches 
which resemble the leaflets of ArolicBopteri^ \ it is not clear 
whether they are simple leaves, or leaflets of a compound frond. 
A specimen in the British Museum (Natural History) from the 
Middle Devonian of Caithness hears a close resemblance to an 
Upper Devonian species named by Dawson ^latypliyllum hrotcni- 
anumy and in shape agrees with the genus ^sygmopliyllmn as 
represented in the Upper Devonian flora of Spitsbergen and in the 
Carboniferous floras of diferent regions. Dr. David White con- 
siders that Dawson’s JBlatypliyllum is probably algal, and not a 
true leaf. The Caithness fossil, although it may he a leaf, shares 
with the Canadian specimens the possession of delicate vein -like 
markings which do not suggest true vascular strands. If we are 
correct in assuming that the majority of the older Devonian plants 
so far described grew on ' low-lying or swampy ground, the possi- 
bility must be admitted that in situations less favourably placed 
for the preservation of samples of the vegetation, and under other 
physical and climatic conditions, there may have lived representa- 
tives of a higher type of organization — ^plants with more woody 
and less succulent stems, comparable with the Gymnospenns of 
Upper Devonian floras. So far as I am aware, there is as yet no 
thoroughly satisfactory evidence of the existence prior to Upper 
Devonian times of any undoubted Gymnospeiun. Dt. D. H. Scott 
has emphasized the importance of bearing in mind the fossil stem 
called by W. R. McNab Palceapitys milleri, from the Middle 
Devonian pf Cromarty, and often spoken of as a Conifer. A 
piece of the specimen originally described by Hugh MiUer is being 
investigated by Dr. R. Kidston & Prof. W. H. Lang-, and mean- 
while I can only state that the former tells me that the structure 
is not that of a typical Gymnosperm. J. S. Newberry described 
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some wood from rocks stated to be of Middle Devonian age in 
Ohio, which is undoubtedly of the Gymnospermous type ; but 
T>i\ Scott informed me that Dr. H. M. Ami assigns the Ohio beds 
to an Upper Devonian hoidzon. In 1895 Count H. Solms-Laubach 
described a small x>ieee of petrified stem from the Lenne Shales of 
Graf rath, of Middle Devonian age, showing radially disposed wood- 
elements and strii:>s of medulla ry-my tissue, which, he suggested, 
might perhaps belong, either to a plant allied to the Lijgino'i;>(eris. 
family, or to a member of the Calamariese. The specimen is clearly 
a fragment of a stem capable of secondary growth in thickness^ 
but we cannot determine its precise affinity. 

We have seen that the older Devonian floras included certain 
plants which were trees in stature, and there are indications that 
some of the terrestrial species had solved the problem of secondary 
increase in girth. One of the outstanding featui'es in the archi- 
tectural plan of Palaeozoic vegetation is the widespread occurrence 
of the arborescent habit. On several lines of evolution the metlxod 
of adding to the diameter of stems and branches by means of an 
ever-young cambium-cylinder was adopted at an early period in the 
history of the vegetable kingdom. Ability to increase the 
number of branches and the area of the foliage, which is an 
attribute only of plants that can also meet the consequent rise in 
the demand for water and* manufactured food by supj>lying 
additional means of transpoi’t, is a conspicuous feature of several 
difEerent families in the Palaeozoic floras. While some of these 
plants belonged to lines of evolution which cannot he directly 
oonnected -with any surviving foims, others, which possessed this 
capacity of unlimited expansion, belong to classes the modern 
representatives of which ai'e herbaceous in habit, and a limit is set 
at an early age to further increase of the tissues concerned with 
water- and food-conduction. 

Until some well-defined type of Gymnospermous plant is dis- 
covered, I prefer to think of the older Devonian floras as chiefly 
composed of relatively simple representatives of the Lycopod and 
Filieinean phyla, plants which wei-e adapted to conditions not very 
far removed from an aqueous habitat. Some may have^ grown in 
water, while others flourished in swamps where the composition of 
the soil I’endered ©ssentiaPeconomy in transpiration, a circumstance 
which was refiepted in the general absence of thin and well- 
developed leaves. In the succeeding Upper Devonian period a 
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type of vegetation became dominant, whieli not only marked a 
striking advance in organization and in variety, but was no longer 
hampered by the exigencies of swamp conditions. Trees 'with a 
highly-diferentiated mechanism, at least equal to that of recent 
Conifers in the ^complexity of structure, were not uncommon; and 
there is no reason to doubt their ability to respond to the demands 
of relatively dry habitats. 

Our knowledge of Devonian vegetation in the Southern Hemi- 
sphere is very imperfect. No undoubted examples of such charac- 
teristic northern genera as !P silojphyton and Tlmrsopltyton are 
recorded, but too much weight may easily be given to this negative 
evidence. It is not improbable that the older Devonian rocks of 
the southern continents so far explored were formed under con- 
ditions ill adapted to the preservation of peat-forming associations. 
Reference has already been made elsewhere to the fairly frequent 
occurrence in African deposits (some of which are either of Lower 
or of Middle Devonian age, and others probably Dpper Devonian) 
of pieces of stems similar in external features to I^rotolepidoden-- 
dron, a Middle and Upper Devonian genus in North America and 
Europe, to Cyclostigma^ a chamcteristic Upper Devonian genus, 
and exhibiting some resemblance to certain forms of the older 
Arthrostigma* Attention should also be drawn to a specimen 
figured by Dr. T. Gr. Halle from rocks in the Ealkland Islands, 
either Lower or Middle Devonian, as an indeterminable stem-frag- 
ment : since the publication of Halle’s paper the genus JECornea 
has been discovered, and Halle himself has described a similar 
type (^Bpo7^ogonites ecciiberand) from Lower Devonian rocks in 
Norway. A terminal globular swelling on the fragment from the 
Ealkland Islands shows a clear differentiation of a central region 
and a more solid peripheral region, precisely as in the spore-capsules 
of JELornea and Sporogonites, I may say that Dr. Halle agrees 
with me that the resemblance is probably significant. Available 
information does not warrant the assumption that the older 
Devonian floras in the south were different in facies from those in 
the north. 

In South Africa the Cape System includes a very considerable 
thickness of sedimentary strata, largely -linfossiliferotis, and in part 
(it is believed) formed under more or less arid conditions. Resting 
upon the pile of almost completely barren sandstones of the Table 



Mountain Series is the Bokkeveld Series, in which older Devonian 
marine fossils have been discovered, and, in the upper part, some 
remains of Lepidodendroid plants. Several S2>ecijnens of similar 
Lej)idodendroid ^dant-fraginents are recorded from the overlying 
Witteberg* Series, some of them closel}'” resembling stems of 
Ct/closi i(/ma from the Uj^jper Devonian tlora of Bear Island and 
other regions. In the Witteberg Beds of Ca2>e Colony the proble- 
matical fossil SpirojpJf^ton is a chamcteristie feature : as Dr. A. 
W. Bogers <fc Dr. A. L. du Toit say, — ‘ whether a true fossil or 
not, Spiropliyton has been found of groat service in enabling the 
Witteberg Beds to be recognized ’. The type-sjDecies, Bpiropht/fon 
cauda-galli, first described from Devonian rocks in North America, 
occurs under various forms in strata ranging in age from Silurian 
to Tertiary, I have elsewhere discussed its nature, and ex^u'essed 
the opinion that it is of inorganic origin, SiDccimens recently 
shown to me by Dr. B. Kidston, which were obtained from Lower 
Carboniferous strata in Scotland, differ from the great majority of 
previously discovered examples in having the surface covei’ed with 
a thick film of coal; while it is possible that the carbonaceous 
matter came from some other source, it affords an argument 
favourable to the view of several authors that Spiropht/ton owes 
its occuiTence to some lax’ge marine Alga. 

Various fossil plants have been described from Australian rocks 
assigned by some geologists to an Upper Devonian age, but by 
others classed as Carboniferous. From certain localities Devonian 
plants have undoubtedly been obtained. The s^xecies usually 
known as Lepidodendron australe M^Coy occurs in both Devonian 
and Carboniferous rocks ; it is closely allied to some of the U2>pc‘r 
Paheozoic L&pidodencLra of the Northern Hemisphere. 

, Time does not admit of a consideration of the oldest Australian 
flora ; but I would draw attention to a close resemblance between 
some plant-remains described by W. S. Dun from strata in New 
South Wales said to be Upper Devonian as JBecopteris {f^ohscura^ 
and the Upper Devonian plant from Maine named by Dr. David 
White JBarinophyton richardsoni. There is no doubt that, before 
the close of the Devonian Period, plants which ajxpear to be 
generically identical had spread from well within the Arctic circle 
to the latitude of Southern Australia. 

A remarkable feature of the Upper Devonian floras is the high 



degree of differentiation and the Tariety of the genera. It will, 
however, be more apj)ropriate and more convenient to consider the 
composition of these Horns when we follow the history of the 
vegetation of the world through the closing scenes of the Palaeozoic 
El a. ^ Meanwhile, I shall content myself with a brief reference to 
the distribution of the genus Arekcsojpfens. The type-species, 
described by Edward Forbes in 1852 from the Upper Devonian 
locks of Elilkenny as Cyclopferis litber^iioa^ was renamed by Sir 
William Dawson Arclicso^pteris Mhernica : it is represented by 
large, compound, fernlike fronds similar in habit to those of 
certain recent species, and characteiized by its cuneate leaflets and 
dense clusters of sporangia. We are still in doubt as to the precise 
systematic position of the genus ; like recent Ferns, it may have 
possessed spores of one kind only, or, on the other hand, it may be 
a member of the extinct group of Pteridosperms. The several 
species are distinguished by relatively slight differences in the size 
and degree of dissection of the leaflets. ArchcdopteTis is recorded 
from Upper Devonian strata in Ellesmere Land, Bear Island, 
Canada, Pennsylvania, Berwickshire, Ireland, Belgium, Germany, 
Kussia, Australia, and elsewhere. The occurrence of ArchwopteriB 
and other genera as far north as lat. 80® N. and in Bear Island, 
where the flora seems to have heen at least as rich and vigorous as 
in the South of Ireland, is a remarkable fact that raises climatic 
problems, of which as yet no satisfactory solution has been found. 
It is difficult to picture these plants completing their life-histories 
in the brief span of an Arctic summer: we talk glibly of sub- 
tropical or even tropical conditions in far northern regions, without 
sufficiently realizing the difficulties from the point of view of the 
plants. Admitting the pi'obability of the assumed existence of a 
higher temperature than was actually required by the plants 
discovered in Polar lands, the problem of the Arctic night and its 
effect upon the vegetation still' remains. We have much to learn 
from experimental work about the ability of plants to endure the 
long alternating periods of continuous illumination and compara- 
tive darkness, and we are hardly in a position to demand as a 
necessity either a shifting axis or a wandering crust. 

The differences between the older and the Upper Devonian 
floras may well he connected with differences in environment, as 
well as with the march of evolution. Before the end of the 
Devonian Period the terrestrial vegetation had come into its own, 
and had colonized the higher and drier ground in addition to the 
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jnarshos cTHcI peat-bogs. A change in the geological background 
had its reflex in the development of green foliage in place of the 
almost leaHess condition of the older plants, destined to live in 
localities either physically or physiologically dry. 

Herejl must leave for the present the too ambitious subject, 
which has been very inadequately treated. We have reached a 
stage in the history of the plant-kingdom which in essentials per- 
sisted until the latter part of the Carboniferous Period, when, in 
correlation with a changed historical background, there was an 
apparently sudden hurst of energy, and new companies of actors 
carried on the drama. With your permission, and if circumstances 
pennit, I will endeavour on a future occasion to follow the 
developjnent of plant-life through the closing scenes of the 
Palaeozoic Em, and, as far as it is possible to do so, consider the 
relation of the succeeding Mesozoic floras, both to those which 
preceded them and to the vegetation of the modern world. 



part 2] 


PBOCEEDING-S OP THE GEOLOGICAL SOCIEXT. 


CV 


February 28th, 1923. 

Prof. A. C. Sewabd, Sc.D., F.B.S., President, and afterwards 
Prof. W. W. Watts, Sc.D., F.R.S., Vice-President, in the Chair, 


Aubrey Ward Guest, ITew Oxford <fe Cambridge Club, Piccadilly, 
W. 1 ; Thomas Hitchon, c/o Finlay, Fleming & Co. litd., Burmah 
Oil Company Ltd., Bangoon (Burma) ; and Errol Ivor White, 
B.Sc., Assistant in the Geological Department of the British 
Museum (Natural History), 82 Amhurst Park, N. 16, were elected 
Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. * The Late-Glacial Stage of the Lea Valley (Third Beport).’ 
By Samuel Hazzledine Warren, P.G.S. 

2. ‘ The Mlejphas^antiquus Bed of Claeton-on-Sea (Essex), and 
its Flora and Fauna.’ By Samuel Hazzledine Warren, P.G.S. 
and others. 

Lantern-slides, fossils, and implements were exhibited in illus- 
tration of Mr. S. H. Warren’s papers. 


March 14th, 1923. 

Prof. A, C.‘ Sewaed, Sc.D., F.B.S., President, 
in the Chair. 

The List of Donations to the Library was read. 

The following communications were read ; — 

1. ‘ The Geology of the Schists of the Schichallion District of 
Perthshire,’ By Ernest Masson Anderson, M.A., B.Sc., F.B.S.E., 
P.G.S. 

2. ‘ The Petrology of the Araage District in Aberdeenshire ; a 
Study of Assimilation.’' . By Herbert Harold Bead, M.Sc., P.G.S. 

Bock-specimens and lantern-slides were exhibited in illustration 
of the papers by Mr. E. M. Anderson and Mr. H. H. B^. 
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Marcli 28th, 1923. 

Dr. Herbert H. Thomas, M.A., Vice-President, 
in the Chair, 

Ernest St. John Burton, Melville, Howard Boad, Bournemouth 
(Hampshire) ; Kobert Olaytor, Thurnscoe Hall, near iiotherhani 
(Yorkshire) ; Annie Ethel Cook, B.Sc., 8 Church Lane, Hornsey, 
H. 8 ; the Rev, Charles William Cooper, St. Paul’s Vicarage, 
Northampton Park, Canonbury, N. 1 ; and James Frederick 
Jackson, 18 Elm Street, Cardiff, were elected Fellows of the 
Society. 

The Chairman announced that the Proceeds of the Daniel- 
Pidgeon Fund for 1023 had been awarded to Ho wee Williams, 
B.A., M.Sc,, of the Univea*sity of Liverpool, who proposes to 
investigate the stratigraphy and vulcanicity of Snowdon. 

The following communication was read : — 

* Further Researches on the Succession and Metamorphism in 
the Mona Complex.’ By Edward G-reenly, D.So., F-Q-.S. 

Dr. Q-reenly exhibited lantern-slides, microscope-slides, and rock- 
specimens, in illustration of his paper. 


April 18th, 1923. 

Prof. A. C. Seward, Sc.D., F.B.S., President, and afterwards 
Dr. Herbert H. Thomas, M.A., Vice-President, in the Chair, 

The List of Donations to the Libraxy was read. 

The following communication was read : — 

‘ The Structure of the Bowmore-Portaskaig District of Islay,’ 
By John Frederick Norman Creen, B.A,, F.Gl.S. 

Microscopje-sections and rock-specimens were exhibited by 
Mr. (3rreen, in illustration of his paper. 
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May 2nd, 1923. 

Prof. A. C. Seward, Sc.D., P.H.S., Presiilent, 
in the Chair. 

Prank Higham, B.Sc., A.ll.S.M., 57 Widdrini^lon Ihunl, 
Coventry ; and Marie Vohe, Uoseiea, Abbey Wood Ituad, Abbev 
Wood, b.Pi. 2, were elected Fellows of the Society. 


The List of Donations to the Library was read. 

Prof. John JoLX, D.Sc., F.ll.S., F.Gr.S., then proceeded to deliver 
a lecture on the Bearing* of some Decent Advances in 
Physical Science on Geology. 

After referring to the discovery by the present Lord Rayleigh 
of the general distribution of radioactive materials and to the 
earlier but more recently developed discovery of isostasy, the 
Lecturer observed that, assuming that the dense layer upon which, 
according to the theory of isostasy, the continents tloat, is com- 
posed of basalt ]Dossessing the average radioactivity of basalts, it 
may be calculated that, if this substratum is now solid (as 
appears from both tidal and seismological evidence), it will have 
acquired sufficient I'adioactive heat to become fluid in about 
30 million years. 

The change of density then occurring will cause a downward 
motion of the continents relative to the ocean, and tmnsgressional 
seas will result. After a long period, during which the liquid 
magma (under tidal forces) circulates from beneath the continents 
(which, owing to their own radioactivity, act as an adiatherminous 
covering) to suhoceanic regions, the accumulated heat is given up 
to the ocean. Re-solidification of the magma ensues, and the 
restoration of the former higher density causes the continents to 
rise relatively to the oceans, and brings about the retreat of 
transgressional seas. In this manner, the complete cj'cle of a 
revolution finds explanation. 

Mountain-building forces arising during the climax of revolution 
originate from two sources:- — (ar) the e:ffects of the horizontal 
tide-generating force and of precessional force which, although 
probably considerable, have not yet been evaluated ; (^) the effects 
of the changing area of the ocean-floor attending the ex^nsion 
and contraction of the basaltic layer, whereby the oceanic area 
becomes alternately increased and diminished. Upon shrinkage 
the enlarged ocean -floor bears against the continents. Hence 
‘the highest mountains confront the widest oceans’. 

Mountain-building is due much more to vertical than to hori- 
zontal forces. The mountains are not pushed up by lateral forces : 
these forces act upon the subsiding geosyncline to produce deform- 
ation of the semi-plastic materials. The mountains are elevated 
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long aftex* by the isostatie foi’ces, the energy being traceable to 
the stored i*adioactive heat of* prior ages. 

I n t e I* - r e V o 1 u t i o 11 a r y events consist of ‘ pi'opara tory ’ dis- 
turlianees, due to local increase of liquefaction of the magma : 
also of ‘ sequential ’ disturbances, due to relief of strain accumu- 
lated during revolution, and to the restoration of isostatic 
equilibrium. 

The conditions now ]irevailing beneath the continents ]>reclude 
the establishment of a steady stjxte (that is, of thermal equilibrium), 
and in the ]>ast al\va,ys must have done so. 

The cyclical events outlined in the theory here adduced appear 
to be inevitable as a consequence of x-adioactivity and isostasy. 
Cyclical distui-bances alone can explain the past histoiy of the 
Eai'th’s suiiace. 

A cordial vote of thanks was unanimously accorded to the 
Lecturer by the Fellows present. 


May 16th, 1923. 

Prof. W. W. Wa-TTB, Sc.B., F.B.S., Vice-President, 
in the Chair. 

Harold Piuncis Banks, Chase Hoad, Bui'ixtwood, near Lichfield 
(Sta:ffiordshii’e) ; Ai'thur Delmar Combe, Geological Survey of 
Uganda, Entebbe (Uganda) ; and Robert MuiTay-Hughes, Sable 
Antelope Mine, Mumbwa (Noi'theinx Rhodesia), wex'e elected 
Fellows of the Society. 

Prof. Lucien Cayeux, 6 Place Denfert-Rochereau, Paris 
Prof. John M. Clarke, LL.D., Director of the New York vState 
Museum, Albany (IST.Y.), U.S.A. ; Prof. Henri Douvill^, 207 Jiou- 
levard Baint-Germain, Paris and Prof. Waldemar i^ind- 

jgren, Massachusetts Institute of Technology, Boston (Mass.), 
U.S.A., were elected Foreign Members of the Socieiy. 

Prof. Emile Argand, University of Heuchi^tel (Switzerland) ; 
Prof. L^on William Collet, University of Geneva (Switzerland) ; 
Pi'of. Reginald Aldwoidih Daly, 28 Hawthorn Street, Cambridge 
(Mass.), U.S.A. ; Prof. G. DelSpine, 13 Rue de Toul, Lille (Nord), 
France ; Prof. Paul .Fouimarier, 140 Avenue de I’Observaioire, 
Li6ge (Belgium) ; Prof. Victor Moritz Goldschmidt, Universxtetets 
Mineralogisk Institut, 23 Trondhjemsveien, Christiania (Norway) ; 
Prof. Thore Gustafsson Halle, Naturhistorisk Riksmuseum, 
Stockholm 50 (Sweden) ; Prof. James Fui'man Hemp, Columbia 
University, New York City, U.S.A. ; Prof. Oaid Frederik Kolderup, 
University of Bergen (Noi’way) j Prof. Carlos I, Lisson, Escuela 
de Ingenieros, Lima (Peru) ; Prof, Gustaaf Adolf Frederik 
Tir-i tin Dftlft ("Hollandl ; Dr, Armand R^nier, 
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Directeiir du Service Geologique de Belgique, Palais du Ciiu|uan« 
tenaire, Brussels (Belgium) ; Prof. Pierre Termier, Directeiir des 
Services de la Carte Geologique de Prance, 16-i; Rue de Vaiigirard, 
Pans X\ erne ; and Dr. Frederick Eugene ’Wright, Geophysical 
Laboratory, Washington (D.C,), U.S.A., were elected Foreign 
Correspondents of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. * The Dpper Ordovician Rocks of the South-Western Berwyn 
Hills.’ By William Bernard Robinson King, O.B.K., M.A., 

F.G.S. 


2. ‘The Geology of the Distiict around Corris and Aberllefenni 
(Merioneth).’ By Prof. William John Pugh, O.B.E., B. A., F.G.S. 

Specimens were exhibited by Mr. King, in illustration of his 
paper; and specimens and lantern-slides were exhibited by Prof. 
Pugh, in illustration of his paper. 


June 6th, 1923. 

Prof. W. W. Watts, Se.D., F.R.S., Vice-President, 
in the Chair. 

The List of Donations to the Library was read. 

The following communications were read : — 

1, ‘On a New Blattoid Wing from the Harrow Hill Mine, 
Drybi'ook (Forest of Dean),’ By Herbert Bolton, D.Sc., P.R.S.E., 
F.G.S. 

2. ‘ Contact-Metamorphism in the Comrie Area of the Perth- 
shire Highlands.’ By Cecil Edgar Tilley, Ph.D., B.So., F.G.S. 

Lantern-slides, etc. were exhibited by Dr. H. Bolton; and rock- 
specimens, microscope-sections, and lantern-slides were exhibited 
by Dr. C. E. Tilley, in illustration of their respective papers. 
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June 20th, 1028. 

Prof. A. C, Seavaeb, Sc.D., P.lt.S., President, 
in the Chair. 

Thomas Sutton Bowman, B.Sc., c/o the Petroleum Olhce, 
Ministry of Finance, Dawawin P.O., Cairo (Egj'pt) ; Christopher 
Theodore Augustine Gaster, 23 St. John’s Terrace, Lewes (Sussex) ; 
William Henry Kirkhy, M.A., 401 Gillott Itoad, Edgbaston, 
Birmingham ; ' Edwin Godwin Thomas, Pen-yr-Heol, Fern dale 
(Glamorgan) ; and Joseph Chatten Vivian, Thax-sis Sulphur & 
Copper Company, Ltd., Agencia de Tharsis, A]>artado 19, Huelva 
(Spain), were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The Haines of certain Fellows of the Society were read out for 
the first time, in conformity with the Bye-Laws, Sect. VI, Art. 5, 
in consequence of the non-payment of the arrears of their Annual 
Contributions. 

Miss P, de B. F. Bowen-Cottlthtjest presented a geological 
hammer, chisel, and satchel formerly belonging to George Bellas 
Greenough, first President and one of the founders of the Society. 
She also presented a number of valuable documents and minute- 
books of great historical and scientific interest, forming part of 
the earliest records of the Society’s activities. 


Dr. Hbebekt H- Thokas, M.A., V.P.G.S., gave a deinonstra- 
tion of the Source of Origin of the Stones of Stonehenge, 
illustrated by lantern-slides. 

The following communications were read : — 

1. ‘The Eiver-Gravels of the Oxford District.’ By Kenneth 
Stuart Sandford, B.A., F.G.S. ; with an Appendix on the Non- 
marine Mollusca, by Alfred Santer Kennaitl, F.G.S., and Bernard 
Barham Woodward, P.L.S., F.G.S. ; and an Appendix on the 
Mineral Analyses of the Clay and Sand Deposits of Wolvercote, 
by P. C. Spiller, B.A. 

2. ‘The Deposits of Paleocene Mammalia in Belgium.’ By 
Prof. Louis Dollo, Sc.D., For.Mem.G.S., and Prof. P. Teilhard 
de Chardin, D.Sc. 
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Dr. Gr. T. Peioe, M.A., F.R.S., exliibited a meteoric stone 
whicli fell at Astidon, near Safeon Walden (Essex), on ]Marcli 9tb, 
1923 . 

Dr. L. D. Peemob exhibited microscope-slides of cordierite from 
Indian ‘ para-lavas pleocliroic in thin section, in illustration of 
bis remarks on Dr. C. E. Tillej’s paper (read on June 6tb). 

Implements, fossil-remains, and lantern-slides were exhibited by 
Mr. K. S. Sandford, in illustmtion of his paper. 



